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The  pnbUefttioiis  of  tLe  Uiiitad  Statoa  Geolof^cal  Survey  Are  iMned  In  aecordiinoe  with  the  statute 
■pprored  March  3, 1870,  which  declares  that— 

"Thepublieatlona  of  the  Goologioal  Surrey  ahall  consist  of  the  uinual  report  of  operstiooe,  geological 
and  eeanoinie  maps  lllnstratinK  the  resources  and  daasiflcation  of  the  laodn,  and  reports  npon  general 
and  eeonomio  geology  and  paleontology.  The  ftonnal  report  of  operations  of  the  Geological  Surrey 
ahall  aoeompany  the  annual  report  of  the  Secretary  of  the  Interior.  All  special  memoirs  and  reports 
of  said  florrey  shall  be  issued  in  uniform  quarto  series  if  deemed  necessary  by  the  Director,  but  other- 
wise in  ofdlnary  octnTos.  Three  thousand  copies  of  each  shall  be  published  for  sdentiflo  exchanges 
and  for  sale  at  the  price  of  publication ;  and  all  literary  and  oariographio  materials  reoeired  in  exchange 
•ban  be  the  property  of  the  United  States  and  form  a  part  of  the  library  of  the  organization ;  and  the 
money  resulting  from  the  sale  of  such  publications  shall  be  oorered  Into  the  Treasury  of  the  United 


On  July  7, 180,  the  following  Joint  resolution,  referring  to  all  Govenment  publications,  was  passed 
by  Congress: 

**  That  whenever  any  document  or  report  shall  be  ordered  printed  by  Oongrsss,  there  shall  be  printed, 
tai  addition  to  the  number  in  each  case  stated,  the  *  usual  number'  (1,000)  of  copies  for  bindinir  and 
distribution  among  those  entiUed  to  receive  them." 

Kxcept  in  thoee  cases  in  which  an  extra  number  of  any  publication  has  been  supplied  to  the  Survey 
by  special  resolution  of  Congress  or  has  been  ordered  by  the  Secretary  of  the  Interior,  this  office  has 
BO  oopiee  for  gratuitous  distribution. 
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ALTITUDES  BETWEEN  LAKE  SUPERIOR  AND  THE 

ROCKY  MOUNTAINS. 


By  Wabben  TJpham. 


INTRODUCTION. 

In  the  Borvey  of  Lake  Agassiz,  a  preliminary  report  of  which  forms 
Balletiii  TSo.  39,  it  was  found  necessary  to  ascertain  the  altitudes  de- 
termined within  its  area  by  railroad  surveys  as  the  basis  for  leveling 
along  the  shore  lines  of  that  glacial  lake,  and  learning  their  relations 
in  height  to  each  other,  to  the  great  lakes  of  the  St.  Lawrence  and 
Kelson  Bivers,  and  to  the  ocean.    From  the  time  of  the  first  observa- 
tions and  description  of  the  upper  beaches  of  Lake  Agassiz  by  the  au- 
thor in  1879  and  1881,  for  the  Geological  Survey  of  Minnesota,  and 
especially  since  the  work  was  extended  in  1885,  under  the  U.  S.  Geo- 
logical Survey,  to  include  both  sides  of  this  lacustrine  area  in  Minne- 
sota and  North  Dakota  now  drained  by  the  Red  Eiver  of  the  North, 
much  attention  has  been  given  to  this  collection  of  altitudes,  and  to  the 
means  of  referring  them  to  the  sea  level.    The  greater  part  of  Lake 
Agassiz,  however,  was  in  Manitoba  and  adj<icent  British  Territory, 
stretching  north  to  the  Saskatchewan;  and  in  1887,  jointly  for  the 
Geological  Surveys  of  the  Qnited  States  and  of  Canada,  the  author  con- 
tinned  his  examination  of  the  beaches  and  deltas  on  the  west  side  of 
the  lake  along  a  distance  of  a  hundred  miles  north  from  the  inter- 
national boundary,  across  the  prairie  region  of  southwestern  Manitoba, 
the  leveling  in  this  work  being  based  on  the  altitudes  of  the  Canadian 
Pacific  Railway  and  its  branches  and  connecting  railways. 

^hen  it  was  decided  to  publish  these  notes  of  altitudes  in  a  separate 
^nlletin  for  convenient  reference,  their  area  was  somewhat  extended,  to 
^^6r  the  natural  district  between  Lake  Superior  and  the  Kocky  Moun- 
tains. The  list  of  railroads  here  tixbulated  includes  a  few  lines,  mostly 
bollt  within  recent  years,  in  northern  Michigan  and  Wisconsin,  every 
railroad  line  of  Minnesota  and  North  and  South  Dakota,  nearly  all  in 
Hontana,  several  lines  in  northern  Iowa,  and  one  in  northern  Nebraska 
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and  Wyoming.  Three  lines  which  lie  partly  in  Minnesota  and  South 
Dakota  are  noted  through  Iowa,  Illinois,  and  Missouri,  to  Chicago, 
Burlington,  and  SU  Joseph,  each  giving  important  connections  at  its 
southern  end  with  leveling  from  the  sea;  and  the  I^orthern  Pacific 
Bailroad  is  similarly  given  in  its  whole  extent  westward  through  Idaho, 
Oregon,  and  Washington.  In  the  Dominion  of  Canada  the  entire  rail- 
way system  from  Port  Arthur,  on  Lake  Superior,  to  Vancouver,  on  the 
Pacific,  is  presented;  but  a  portion  of  the  Canadian  Pacific  profile  in 
British  Columbia  requires  revision  for  the  elimination  of  an  error  of 
about  40  feet,  which  -can  probably  be  detected  only  by  leveling. 

The  aggregate  length  of  these  railroads  is  about  18,500  miles.  Nearly 
two-thirds  have  been  noted  by  the  author  from  the  original  profiles, 
kindly  submitted  to  his  examination  in  the  offices  of  the  railroad  engi- 
neers, chiefly  in  St.  Paul,  Minneapolis,  and  Winnipeg;  and  in  stating 
the  sources  of  information' for  the  several  lines,  these  are  distinguished 
as  derived  "fromprofilcs.'*  The  other  lines  of  which  data  have  been 
obtained  by  correspondence,  being  copied  from  the  profiles  or  note- 
books by  the  engineers  or  their  assistants,  are  creditecl  to  them  directly. 

All  the  altitudes  of  stations,  summits  and  depressions  of  grade, 
bridges,  and  other  points  on  railroads,  refer  to  the  top  of  the  rail.  The 
depth  cut,  or  the  altitude  of  the  natural  surface,  is  also  generally  stated 
at  summits,  and  at  the  crossings  of  the  principal  streams  the  stages  of 
low  and  high  water  are  recorded  in  all  cases  where  they  could  be  ob- 
tained. For  better  identification  of  the  localities,  and  for  convenience 
in  comparing  them  and  determining  their  connecting  gradients,  the 
distances  of  all  the  points  noted  are  given  in  miles  and  tenths,  usually 
from  one  of  the  termini  of  the  line  or  of  its  railroad  system. 

Three  series  of  levels,  connecting  this  district  in  the  center  of  the  con- 
tinent with  the  sea,  namely,  by  the  United  States  Lake  Survey  from  the 
Atlantic  Ocean  at  New  York,  by  the  Mississippi  River  Commission  from 
the  Gulf  of  Mexico,  and  by  the  Northern  Pacific  Bailroad  to  the  Pacific 
Ocean,  agree  within  2  feet  at  St.  Paul,  and  this,  after  the  Lake  Superior 
level,  may  be  regarded  as  the  most  important  datum  for  referring  most 
of  these  series  of  altitudes  to  the  ocean.  The  mean  height  of  Lakes 
Michigan  and  Huron  above  mean  tide  sealevel  is  determined,  accord- 
ing to  Maj.  A.  Mackenzie,  of  the  Corps  of  Engineers,  United  States 
Army,  as  581*28  feet  by  the  Lake  Survey,  and  580'83  feet  by  the  Missis- 
sippi Biver  Commission.  Accepting  the  former,  the  mean  altitude  of 
Lake  Superior  from  November,  1870,  to  January,  1888,  derived  from 
Lake  Huron  by  leveling  at  the  Sault  Ste.  Marie,  is  601-56  feet,  or  ap- 
proximately 602  feet.  This  is  taken  as  the  plane  of  reference  for  the 
Northern  Pacific  Eailroad,  the  Canadian  Pacific  Railway,  the  St.  Paul 
and  Duluth  Eailroad,  and  their  branches.  Besides  the  three  series  of 
leveling  already  mentioned,  by  which  the  altitude  of  extreme  low 
water  (in  1864)  of  the  Mississippi  Kiver  at  St.  Paul  is  obtained,  several 
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other  determinations  of  this  datum  by  railroad  surveys  firom  Lakes 
Superior  and  Michigan  are  placed  after  these  in  the  following  table: 

Determinations  of  the  altittide  of  loio  water  of  the  Miisisnppi  Biver  at  Si.  Paul, 

Feet  above 

mean 

eea-level. 

From  the  United  States  Lake  Survey,  Lake  Saperior  being  602  feet,  according 
to  Maj.  C.  J.  Allen,  of  the  United  States  Engineers,  St.  Paul  (Annual  Re- 
port of  the  Chief  of  Engineers,  U.  S.  Army,  for  1881,  p.  1813) 683*04 

From  the  Mississippi  Biver  Commission  and  the  continuation  of  its  levels  to 
St.  Paal  (letter  of  Maj.  A.  Mackenzie,  of  the  United  States  Engineers, 

Rock  Island,  dated  January  23,  lb88) 684*75 

From  the  Northern  Pacific  Railroad  surveys,  by  connection  of  its  series  of 
levels  with  mean  tide  of  the  Pacific  Ocean  at  Tacoma  (according  to  profiles 

in  the  Northern  Pacific  engineer's  office,  St.  Paul) 685 

From  original  survey  s  for  the  Lake  Superior  and  Mississippi  (now  the  St.  Paul 

aod  Duloth)  Railroad  (notes  of  J.  T.  Sewall,  surveyor,  March,  1863) 683 

From  the  St.  Paul  and  Dulnth  Railroad  profile  used  in  the  construction  of  the 

road.: -^- 680'5 

From  the  8t.  Paul  and  Dulnth  Railroad  profile,  new  leveling  in  1887  along 

its  entire  extent 683 

From  profiles  of  the  Northern  Pacific  and  the  St.  Paul  and  Northern  Pacific 

Bailroadsjby  way  of  Brainerd 684 

From  profiles  of  the  Northern  Pacific,  the  Northern  Pacific,  Fergus  and 
Black  Hills,  and  the  St.  Paul,  Minneapolis  and  Manitoba  Railroads,  by  way 

of  Wadena,  Fergns  Falls,  and  St.  Cloud 683 

From  Lake  Superior  by  the  Chicago,  St.  Paul,  Minneapolis,  and  Omaha  Rail- 
way profile  686 

From  Lake  Superior  by  the  Minneapolis,  Sault  Ste.  Marie,  and  Atlantic  Rail- 
way profile  680 

From  Lake  Michigan  by. the  Chicago,  St.  Paul,  and  Kansas  City  Railway 

profile 681 

From  Lake  Michigan  by  the  Chicago  and  Northwestern  Railway  to  Winona, 
and  thence  to  St.  Paul  by  leveling  of  United  States  Engineers  (Qannett's 
Lists  of  Elevations,  1877,  p.  3,  corrected  to  accord  with  the  height  of  Lake 
Michigan  determined,  by  the  United  States  Lake  Survey) 682*5 

The  mean  of  these  twelve  deteriuiuatious  is  almost  exactly  683  feet, 
iw given  by  Major  Allen;  and  the  altitudes  herein  noted  for  St.  Paul 
and  Minneapolis  and  the  railroads  radiating  from  these  cities  are 
thereby  referred  to  the  sea  level.  The  probable  limit  of  error  in  the 
heiglits  given  by  the  Lake  Survey  for  Lakes  Michigan,  Huron,  and 
Superior,  is  only  a  fraction  of  a  foot;  and  almost  equal  accuracy^  seems 
to  be  attained  in  this  datum  of  reference  at  St.  Paul. 

Host  of  the  railroad  profiles  here  tabulated  have  been  found,  after 
Inference  to  the  common  datum  of  the  sea  level,  to  agree  exactly  or 
^tbin  one  or  two  feet  at  their  points  of  intersection  or  junction  with 
^bother;  and  where  so  small  adjustments  were  required,  they  have 
^D  made  at  these  points  without  statement  of  them.  Larger  discrep- 
ancies are  harmonized  by  locating  their  adjustment  at  oue  or  more  points 
^bich  are  definitely  noted,  with  the  amount  of  the  corrections.  Distri* 
bntion  of  adjustments  by  gradual  addition  or  subtraction  along  a  con- 
siderable distance  has  been  avoided,  that  the  altitudes  here  published 
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may  represeDt,  as  nearly  as  possible,  the  data  of  the  original  profiles. 
Whenever  opportunities  for  better  revision  are  afforded  by  additional 
surveys  or  by  more  definite  and  trustworthy  means  of  comparison,  these 
figures  and  adjustments  may  be  further  corrected  with  full  knowledge 
of  the  original  as  well  as  the  later  surveys. 

Exact  or  close  agreements  throughout  nearly  the  entire  extent  of  this 
complex  network  of  railroads  give  good  assurance  of  the  correct  refer- 
ence of  almost  every  portion  to  the^ea  level,  with  possible  limits  of  error 
not  exceeding  a  few  feet.  Thus  the  altitudes  of  Winnipeg,  Portage  la 
Prairie,  Brandon,  and  the  great  lakes  of  Manitoba,  of  Eegina  and  Med- 
icine Hat  in  Assiniboia,  of  Calgary  in  Alberta,  of  Grand  Forks,  Devil's 
Lake,  Minot,  Buford,  Fargo,  Jamestown,  and  Bismarck,  in  North  Da- 
kota, of  Aberdeen,  Watertown,  Sioux  Falls,  and  Yankton,  in  South 
Dakota,  and  of  Glendive,  Livingston,  Great  Falls,  and  Helena,  in  Mon- 
tana, appear  to  be  determined  with  nearly  as  close  accuracy  as  St. 
Paul  and  the  Laurentian  lakes. 

The  altitudes  of  every  railroad  in  the  basin  of  Lake  Agassiz,  and  the 
heights  of  its  beaches  and  deltas  determined  therefrom  by  continuous 
leveling  along  a  thousand  miles  or  more  of  its  shore  lines,  seem  to  be 
correctly  known  throughout  within  less  than  five  feet  ot  possible  error. 
This  is  especially  important,  as  the  beaches  of  Lake  Agassiz  are  not 
now  horizontal  bat  have  slight  ascents  northward,  presenting  very  in- 
teresting problems  for  investigation,  as  to  the  amount  of  these  changes 
in  comparison  with  the  sea  level,  when  they  were  produced,  and  their 
causes. 

This  work  will  also  be  of  value  in  studies  of  stratigraphic  geology, 
and  probably  at  some  future  time  in  determining  the  amount  and  rate 
of  uplifts  and  depressions  of  the  earth's  crust ;  it  will  be  the  basis  of 
reference  in  the  preparation  of  contoured  maps  of  this  region ;  and  it 
will  be  consulted  by  engineers  in  planning  new  railroad  routes,  im- 
provements of  the  navigation  of  rivers,  the  utilization  of  water-power, 
and  the  construction  of  reservoirs  and  canals  for  irrigation. 

Much  space  is  accordingly  given  to  the  separate  tabulation  of  the  ele- 
vations of  the  principal  rivers,  so  far  as  they  are  known  from  these  rail- 
road surveys  and  from  other  means  of  determination.  In  this  con- 
nection the  reports  of  the  Mississippi  and  Missouri  Eiver  Commissions 
afford  valuable  data  of  the  lowest  and  highest  stages  of  these  rivers  at 
various  points  where  gauge  records  have  been  taken.  The  Commission 
reports  refer  these  elevations  either  to  zero  of  the  several  gauges  (and 
these  to  the  Cairo  datum  plane),  as  on  the  Mississippi,  or  to  the  St. 
Louis  directrix,  as  on  the  Missouri ;  but  in  the  tabulation  of  this  bulle- 
tin they  are  referred  to  mean  sea  level,  permitting  more  ready  comparison 
of  these  records  among  tliemselves  and  with  the  other  altitudes  herein 
published. 

The  general  index  is  arranged  in  three  parts,  giving  references  first 
for  hills  and  mountains;  second,  for  lakes;  and  third,  for  towns  and 


tnuM.1  INTRODUCTION.  IV 

railroad  stations.  Each  of  these  parts  is  further  subdivided  under  the 
seTeral states,  and  north  of  the  international  boundary  under  the  sev- 
eral provinces  of  British  America.  The  index  notes  the  page  or  pages 
where  the  altitudes  appear  in  the  previous  tabulation  of  the  various 
railroad  profiles  and  river  systems,  by  reference  to  which  their  relations 
with  other  altitudes  determined  in  their  vicinity  may  be  learned ;  but, 
after  the  page  references,  the  index  also  gives  the  altitude  of  the  hill, 
mountain,  lake,  town,  or  station  cited,  for  the  convenience  of  those  who 
wish  only  the  single  altitude,  without  comparison  with  others  or  in* 
formation  as  to  the  method  of  its  determination. 
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fully tendered,  to  Mr.  Henry  Gannett,  of  this  Survey ;  to  Prof.  N.  H. 
Winchell,  State  Geologist  of  Minnesota;  to  Mr.  A.  J.  Hill,  of  St.  Paul, 
who  was  the  first  to  collect,  more  than  twenty  years  ago,  the  principal 
part  of  the  hypsometric  data  then  determined  by  the  early  railroad  sur- 
veys having  offices  in  that  city;  to  Mnjor  O.  J.  Allen,  Major  A.  Mac- 
kenzie, and  General  O.  M.  Poe,  of  the  United  States  Corps  of  Engineers; 
to  S.  D.  Mason  and  Eichard  Keif,  engineers  of  the  I^orthern  Pacific 
Baihroad,  by  whom  every  facility  has  been  courteously  grante<l  for  the 
examination  of  their  maps  and  profiles ;  to  P.  A.  Peterson  and  B.  M. 
Pratt,  engineers  of  the  Canadian  Pacific  Railway,  for  similar  aid;  like- 
wise to  George  H.  Webster,  engineer  of  the  Manitoba  and  Northwestern 
Railway ;  to  K  D.  Miller,  engineer  of  the  Great  Northern  (formerly  the 
Saint  Paul,  Minneapolis  and  Manitoba)  Railway,  for  opportunity  to 
examine  all  the  profiles  of  this  great  railway  system ;  to  George  H. 
White,  M.  D.  Bhame,  and  George  B.  Woodworth,  of  the  Chicago,  Mil- 
wauk^  and  St.  Paul  Railway;  to  the  many  other  engineers,  whose 
names  appear  in  connection  with  the  altitudes  received  from  them,  or 
copied  by  the  author  from  profiles  in  their  offices ;  to  CoUingwood 
Scbreiber,  in  charge  of  Canadian  Government  railways;  and  to  Dr. 
George  M.  Dawson  and  Dr.  Bobert  Bell,  of  the  G^logical  and  Natural 
History  Survey  of  Canada. 
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FLUCTUATIONS   OF  LAKE  SUPERIOR.  NOVEMBER.  1870,  TO  JANU- 
ARY, 1888. 

TahU  showing  in  feet  the  mean  eltvation  of  Lake  Superior  ahore  mean  tide  at  ^ew  York, 
by  months,  from  observations  made  above  the  locks  at  St.  Marif^s  Falls  canal y  Mich.,  be- 
ginning November,  1870. 

[From  Gton.  O.  M.  Poe,  Lt.  Col.  of  EDglneen.  17.  S.  Array,  Detroit,  Mich.,  Febra»ry  14. 1888.] 


1 

Ad nuni  Annual 

means. 

menns. 

Years. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jaly. 

Aug. 

Sept. 

Oct 

Nov. 

Deo. 

Nov.  1 

to  Oct. 

31. 

Jan.l 

to  Dec 

31. 

1870 

601*84 
1-60 

601-61 
1*24 

601*54 

1871 

60116 

601-03 

600-74 

600*95 

601*44 

601*85 

G02.04 

601-96 

602  00 

601-83 

601*49 

1872 

OiT? 

0*86 

0-66 

0-58 

1-47 

1*60 

1-97 

2-36 

2*43 

2-30 

217 

17ft 

1-50 

1-69 

1873 

1*34 

113 

117 

1*17 

1-70 

1-86 

2  39 

2-60 

2*64 

2  54 

2  42 

215 

1*87 

1-93 

1874 

1-50 

1*34 

1*21 

111 

1*66 

1-93 

2-33 

2-36 

2*3.^ 

2  48 

237 

212 

1-90 

189 

1875 

1-76 

1*46 

1*43 

1-64 

1-97 

2-4?6 

2-34 

2-36 

2  61 

2-55 

2-26 

1-68 

207i 

2  03 

1876  ... 

1*66 

1*60 

1*43 

1-38 

177 

2*74 

316 

320 

3-22 

2-90 

2*62 

2-13 

2-25 

2-32 

1877 

1*85 

1*86 

1*75 

1-61 

1-57 

1*87 

216 

2*32 

2:07 

2-08 

1  88 

1*67 

1*99 

189 

1878 

1-47 

1-20 

113 

1-12 

1*13 

l(r2 

1-73 

1-68 

144 

154 

1-42 

1-23 

1-47 

1  30 

1879 

0-8U 

0-38 

0-21 

034 

067 

0-88 

105 

115 

1-09 

1-09 

0-9- 

0*50 

080 

0  76 

1880 

0  36 

0*28 

0-19 

0-23 

0-92 

1*73 

1-90 

1-84 

1-99 

1-75 

179 

154 

1  06 

12l| 

1881 

1*19 

1*10 

112 

1*04 

1-44 

1*65 

1-87 

177 

1-95 

244 

2-30 

195 

1-57J 

le-i 

1882 

1*47 

1*27 

117 

1*13 

1*52 

1-G2 

1-96 

205 

1*97 

1*90 

1-84 

1*55 

1-69 

1-62 

1883 

M5 

104 

106 

1*12 

1*13 

147 

1-67 

2  02 

1*74 

1-58 

1-43 

1*23 

1-45 

1-39 

Xn'94»  .  *  •  • 

1-11 

108 

0-96 

0-68 

1*15 

114 

1-3H 

1-42 

1-48 

1-57 

1-62 

1*43 

122 

1-25 

1885 

1-22 

1-13 

100 

0-82 

1*37 

r74 

192 

213 

1-88 

1-73 

1-65 

1-35 

1-50 

1*49| 

1886 

101 

0*84 

0-84 

082 

1*30 

1*46 

165 

1-78 

l-r4 

1-61 

1-61 

1*19 

133 

1-4/ 

1887 

0-95 

0*84 

077 

0-64 

1-01 

1*44 

1*78 

1-70 

l-5tj 

1-73 

1*50 

1-10 

1*27 

l-L'5 

1888 

0-95 

■  ■  ■  • 

....  - 

•••■•« 

Sams . 

21-92 

18*44 

1684 

16*38 

2316 

28*86 

33 -sr, 

34-60 

34  09 

33*62 

33*27 

27*51 

26  55 

26  58 

Meaiis 

601-22 

601*08 

600-99 

600  96 

601-36 

601-70 

601-97 

602*04 

602  01 

601-98 

601*85 

601-53 

601.56 

601.56 

Highest  mean  for  1  month,  September,  1876    603*22 

Lowest  mean  for  1  month,  March,  1880 60019 

Bangeof  mean  elevation  for  1  month  daring  17  years 3*03 

Highest  monthly  mean,  August 602  04 

Lowest  monthly  mean,  April 600*96 

Range  of  monthly  mean  daring  17  years 1*08 

Highest  annual  mean,  November  1, 1875,  to  October  31,1876 602  25 

Lowest  annual  mean,  November  1, 1878,  to  October  81,1879 600*86 

Range  of  annaal  mean,  November  1  to  October  31,  during  17  years 1*39 

Highest  annual  mean,  January  1  to  December  31, 1876 602*32 

Lowest  annual  mean,  January  1  to  December  <^1, 1879 000*76 

Range  of  annaal  mean,  Jannary  1  to  December  31,  daring  17  years 1  -5f 

Mean  elevation  of  surface  of  Lake  Superior  November  1, 1870,  to' January  31, 1888^  601.56  feett 
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ALTITUDES  OF  RAILROADS. 

NORTHERN  PACIFIC  RAILROAD  SYSTEM. 

MAIN  LINE. 
[Fhm  pro6Ie  in  the  office  of  S.  D.  Mason,  engineer,  and  Richard  Relf,  aeaistant  engineer,  St.  Panl.] 

The  profile  westward  to  the  first  crossing  of  Clark's  Fork  of  the  Columbia  River  is 
referred  to  sea  level  by  calliDg  Lake  Superior  600  feet.  A  iiuiform  addition  of  2 
feet  i&  accordingly  nia^le  here  to  the  main  line  and  its  branches  thronghoat  this  dis- 
tance, as  required  by  the  United  States  Lake  Survey.  With  this  change  a  discrepancy 
of  only  2  feet  remains  where  this  porrion  connects  with  the  leveling  from  the  Paciiio 
Ocean,  waich  gives  elevations  2  feet  higher  than  the  leveling  from  Lake  Superior. 


Lake  Saperior,  mean  surface,  from  Jan.  1, 1871,  to  Deo. 

31, 187.5  (Report  of  United  States  Lake  Survey) 

Same,  from  Nov.  1,  1870,  to  Jan.  31,  1868,  according  to 

United  States  engineer's  gauge,  Sault  Sle.  Marie 

Dnluth,  freight  depot  and  elevators  (three-fourths  mile 

east  fi!om  the  passenger  depot) 

I>Qlatb,  passenger  depot 

Oneota 

Sammit  level t 

Oueota  Junction,  St.  Paul  and  Duluth  Short  Line 

Spirit  Lake  Station 

Fond  da  Lac 

Ma8M)n Creek,  water,  607;  grade 

Little  River,  bed,  662;  grade 

Conglomerate  Creek,  bed,  696;  grade 

Greeley 

Thomson 

St.  lioais  River,  Dalles  bridge,  bed,  992;    low  and  high 

,  water,  in*7-l,020;  grade 

Korthern  Pacific  Junction,  St.  Paul  and  Duluth  Railroad 
(This  railroad  from  Dnliith  to  the  Northern  Pncitic 
junction  is  owned  jointly  by  the  St.  Paul  aud  Du- 
luth and  Northern  Pacific  Railroad  (companies.) 

Otter  Creek,  bed 

PineGrove 

Sawyer  (formerly  Norman) 

Corona 

Kettle  River,  bed 

Somniit,  natural  surface 

Cromwell  (at  Island  Lake)  

Taniarack  River,  bed,  1,287;  grade 

y^Kht 

Tamarack  (Sicottes)  station 

nay  River,  bed,  1,228;  grade 

Summit,  natural  surface 

Hny  Kiver,  necond  crossing,  bed,  1,222;  grade 

Sandy  River,  bed,  1,219;  grade 

«cGregor 

Portage  Lake,  grade 

Sammit,  natural  surface 

K'uiberiy 

fiieeRiver,  bed,  1,209;  water,  1,213;  grade 


From  Dulath. 

Above  the  sea. 

MUfS. 

Feet. 

00 

601-78 

00 

601-56 

0-0 

607 

0-0 

607 

3-8 

631 

47-5-4 

637 

5-9 

629 

7-8 

610 

13-5 

607 

140 

622 

16-4 

733 

17-4 

789 

18-2 

838 

21-7 

1032 

220 

1044 

230 

1083 

26-4 

1128 

28-3 

1237 

33-5 

1317 

390 

1303 

41-1 

1287 

440 

1331 

45-0 

1306 

50-7 

1301 

51-0 

1309 

57-1 

1271 

61-2 

1238 

61-8 

1244 

630 

1232 

64-3 

1228 

66  0 

1228 

71-3 

1220 

72-8 

1266 

750 

1237 

75-5 

1226 
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ALTITUDES   BETWEEN  LAKE   SUPERIOR 


[bulcH 


NORTHERN  PACIFIC  RAILROAD  SYSTEM— Continaed. 

MAIN  LINE— Gontinaed. 


Sammit,  oataral  snrface 

Rossburg 

Sisabagama Creek,  bed,  1,206;  grade 

Summit,  natural  surface 

Mud  River,  bed,  1,191;  grade 

Aitkin 

Outlet  of  Pickerel  Lake,  bed,  1/^08;  grade 

Summit,  natural  snrface 

Cedar  River,  bed,  1,199;  grade 

Cedar  Lake  Station 

Summit,  natural  surface,  1,30G ;  grade 

Deerwood 

Swamp,  grade 

Summit,  natural  snrface,  1,308 ;  grade 

Jonesville 

Brainerd,  junction  of  St.  Paul  and  Northern  Pacific  Rail- 
road   

Brainerd  Station,  i:V:J  miles  from  St.  Paul 

Mississippi  River,  bed,  1,144;  extreme  low  water  (1874), 
1, 150;  extreme  h  i  gh  water  ( lo(56) ,  1 ,  167 ;  grade 

Depression,  grade 

Baxter 

Summit,  natural  surface • 

Gull  River,  bed,  1,165;  Trater,  1,170;  grade 

Gull  River  Station 

Summit,  natural  surface 

Sylvan  Lake  Station '. 

Pillager  Creek,  bed,  1, 172 ;  water,  1,175 ;  grade 

Pillager 

Wheelock  (formerly  Bath) 

Crow  Wing  River,  bed,  1,205;  water,  low  stage,  1,208; 
grade 

Motley 

Hayden,  at  a  summit  of  grade,  natural  surface,  1,257; 
grade 

Hayden  Brook,  bed,  1,230;  grade 

Staples'  Mills,  junction  of  new  line  of  St.  Paul  and  North- 
ern Pacific  Railroad,  141*6  miles  fiom  St.  Paul 

Dower  Lake  Station  (a  summit  of  grade) 

Summit,  natural  surface 

Aldrich 

Partridge  River,  bed,  1,306;  water,  1,307;  grade 

Verndale 

Wing  River,  bed,  1,314;  grade 

Summit,  natural  surface 

East  branch  of  Union  Creek,  bed,  1,328;  grade 

West  branch  of  Union  Creek,  bed,  1,1^23;  grade 

Wadena 

Wadena  Junction,  Northern  Pacific,  Fergus  Falls  and 
Black  Hills  Railroad 

Summit,  natural  snrface 

Oak  Creek,  bed,  1,310;  grade 

.  Leaf  River,  bed,  1,303 ;  water,  1,305 ;  grade 

Bluifton 

Blnflf  Creek,  bed,  1,308;  grade 

Little  Run,  bed,  1,328;  grade 

Ambuy 

New  York  Mills 

Summit,  natnral  surface,  highest  on  this  railroad  in  Min- 
nesota   

Richland 

Otter  Tail  River,  bed,  1,324;  water,  1,327;  grade 

JPertuun 


From  Daluih. 


MiU$. 
79-8 
80-9 
82-5 
84-3 
86-7 
W»-8 
88-6 
89-2 
90-8 
920 
96-5 
97-3 
990 
102-6 
106-8 

113-9 
1140 

114-5 

1151 

118  0 

119 

121 

121 

123 

124 

126 

127-5 

132-5 


9 
5 
8 
7 
0 
8 


135-5 
136-0 

140-4 
142-5 

143-8 
145-8 
150-1 
150  5 
150-7 
154-5 
155-7 
157-4 
160-1 
160-5 
161-0 

162-9 
163-2 
164-7 
165-5 
166-0 
1661 
167-0 
169-3 
174-0 

176-4 
179-0 
182-7 

184-8 


Above  the 


FeeL 


1254 
1222 
1214 
1241 
1205 
1208 
1215 
1224 
1212 
12-^ 
1298 
1277 
1268 
1290 
1238 

1207 
1209 

1211 
ll*.t6 
1205 
1212 
1191 
1191 
1-.'10 
1207 
1195 
riu3 
1-^14 

12-25 
1227 

1255 
1243 

1-274 
1293 
1344 
13-27 
1325 
1349 
1330 
1359 
1343 
1343 
1350 

1352 
1356 
1:^26 
1315 

1329 
1341 
1378 
1410 

1433 
139<> 
1343 
1370 


ITHAILJ 


AND  THE  ROCKT   MOUNTAINS. 
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NORTHERN  PACIFIC  RAILROAD  SYSTEM— Continned. 

liAIN  LINS-Continned. 


Luce 

Otter  Tail  River,  oeoond  crossiDg,  bed,  1,340;  grade 

ThompaoD'B  Lake,  grade 

Ilubart »--. 

Siimmit,  natural  snrface 

Otter  Tail  River,  third  croHsing,  bed,  1,358;  grade 

Frazee 

Sammit,  natnral  snrface 

Johnson  

DepresHion  at  Detroit  Lake,  grade 

Pelican  River,  bed,  l,33£l;  grade 

Detroit 

Sommit,  natnral  snrface,  1,397;  g^ade 

Cut,  31  feet  deep,  grade 

Andnbon  

Creek,  bed,  1,270;  grade 

Summit,  natnral  snrface 

Lake  Park 

Hay  Creek,  bed,  1,253;  grade 

Hay  Creek,  bed,  1,202;  grade 

Hillsdale 

Hay  Creek,  bc<l,  1,167 ;  grade 

Winnipeg  Junction,  Dninth  and  Manitoba  Railroad 

Huffido  River,  bed,  1,150;  grade 

Same,  second  crossing,  bed,  1 ,143 ;  grade 

Same,  third  crossing,  bed,  1,140 ;  grade 

Same,  fonrth  crossing,  bed,  1, 133 ;  grade 

Same,  fifth  crossing,  bed,  1,131;  grade 

Hawiey 

Soomiit,  natural  surface,  1, 198 ;  grade 

Upper  or  Herman  Beach  of  Lake  Agassiz,  natural  sur- 
face at  crest  of  beach  ridge,  1,114 ;  natnral  surface  12 
to  125  rods  east  of  crest  of  beach  ridge,  1,097  to  1,100; 
baae  of  beach  ridge,  25  rods  west  from  crest,  1,099 ; 
grade  of  railroad  at  intersection  of  the  beach  ridge. .. 

Moskoda 

Campbell  Beach  of  Lake  Agassiz,  30  rods  wide,  crest, 
1,004,  with  descent  of  4  feet  east  and  11  feet  west; 
gnule 

Second  Campbell  Beach,  about  50  rods  wide,  crest,  1,000, 
with  descent  of  7  feet  east  and  19  feet  wcit;  grade 

McCaaleyville  Beach,  about  20  rods  wide,  crest,  983, 
^ith  descent  of  3  feet  east  and  10  feet  west ;  grade 

Boflalo  River,  bed,  940 ;  grade 

(There  is  no  ascent  west  of  this  river,  the  grade  all 
the  way  to  Glyndon  being  lower  than  on  the  bridge.) 

Stock  wood I 

Glyndon 

SoQth  branch  of  Buffalo  River,  bed,  896;  grade 

Teiiny. 


Dilworth 

Moorhead 

8«d  River  of  the  North,  bed,  862;  extreme  low  wator, 
^;  extreme  high  water  (1882),  898 ;  ordinary  low  and 

„%h  water,  870-b85  or  890 ;  grade 

Fargo 


(Thence  a  level  grade,  905  or  in  part  904 1,  extends 
west  12  miles.) 

^Qetion,  Fargo  and  Southwestern  Railroad •  • . . 

gfKgsrt 

Sbeyenne  River,  bed,  881;  grade 

Canfield , 

Miapeton 


From  Dalnth. 


Above  the  aea. 


Miles. 
1900 
191-9 
193-4 
194-6 
195-3 
195-4 
1960 
200-7 
201-0 
204-1 
205-2 
206-0 
208-0 
2101 
213-0 
214  1 
216-4 
218-5 
220-4 
223-6 
224-0 
225-9 
226-6 
226-8 
227-5 
228-1 
229-3 
229-6 
2300 
231-0 


Fe€L 


1373 
1361 
1372 

i:^ 

1404 
1:J85 
1389 
14-22 
1394 
1347 
1352 
1364 
1390 
1377 
1310 
1295 

i:m 

1336 
1286 
1207 
1197 
1180 
1181 
1166 
1157 
1152 
1143 
1146 
1151 
1193 


233-7 
234  0 

1100 
1090 

2371 

.  998 

237-4 

988 

237-6 
238-4 

979 
957 

238-6 
242-8 
244-9 
245-3 
248-2 
251-5 

948 
925 
917 
922 
909 
905 

2520 
252-5 

905 
905 

253-7 
257-0 
258-2 
2(U-0 
2650 

905 
1105 
905 
905 
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ALTITUDES   BETWEEN   LAKE   SUPERIOR 


(BULL.  72. 


NORTHERN  PACIFIC  RAILROAD  SYSTEM— Continued. 

MAIN  LINE-<Coiitinae<l. 


Maple  River,  bed,  886 ;  water,  888 ;  grade 

Beach  ri(l«;o  of  Lake  Agaseiz,  10  feet  high  and  60  rods 
wide  (including  the  slopes),  crest,  919;  grade  of  rail 
road '. 

(Jreene 

Dairy  mple 

Casseltou 

Goose  Creek,  hed,  92rt ;  grade •. 

Cros.sing  the  St.  Paul,  Minneapolis  and  Manitoba  Rail- 
way, lino  from  Everest  to  May ville 

Si'^ney,  at  crossing  of  the  St.  Paul,  Minneapolis  and  Mani- 
toba Railway,  line  from  Everest  to  Hope 

Campbell  Beach  of  Lake  Agassiz,  crest,  994 ;  grade 

(This  beach  ridge  is  GO  rods  wide  (including  the 
slopes),  and  rises  15  feet  above  the  nearly  level 
expanse  thence  eastward.  Its  crest  is  10  feet 
above  the  hollow,  40  rods  wide,  on  its  west  side.) 

Wheatland - 

Big  Cooley,  bed,  1,057;  grade 

Magnolia 

Upper  or  Herman  Beach  of  Lake  Agassi z,  crest,  1,101 ; 

grade 

(This  beach  ridge  is  abont  40  rods  wide.  Its  crest  is 
tiO  feet  above  the  nearly  level  laud  on  the  ea.st  and 
7  feet  above  the  depression  on  its  west  side.  The 
ascent  thence  westward  rises  to  1,101  feet  in  a  third 
of  a  mile.) 

Summit,  natural  surface  and  grade 

Buffalo 

Maple  River,  wat«r,  1,130;  grade 

Tower  City 

Oriska 

Summit,  natural  surface,  1,442;  grade 

Alta 

Shevenne  River,  bed,  1,200;  grade '. 

Valley  City 

Hobart 

Sanborn,  Jnuction  of  Sanborn,  Cooperstown  and  Turtle 
Mountain  Railroad 

Beside  Lake  Ec kelson,  natural  snrface  marshy,  1401- 

1402;  grade 

(On  the  west  side  of  Lake  Eckelson  a  steep  bluff  rises 
40  feet  to  1,442 ;  on  the  east  a  gradual  ascent  rises 
to  1,432.) 

Eckelson 

Urbana 

Spiritwood 

Spiritwood  Cooley  (or  Seven-Mile  Creek),  bed,  1,403; 
grade 

Bloom 

Summit,  natural  surface  and  grade 

Jamestown,  junction  of  the  James  River  Valley  Railroad 

James  River,  bed,  1,382;  grade 

Junction  of  the  Jamestown  and  Northern  Railroad 

Eldridge 

"Windsor 

Cleveland 

Medina 

Crystal  Springs 

Tappen 

Long  Slough,  bottom,  1,734;  grade 

Dawson 

8tee]e 


From  Diiluth. 

Above  the  sea. 

MiUs. 

Feet. 

265-3 

908 

267-4 

916 

267-5 

916 

270-5 

9-2-2 

272-8 

934 

272-9 

935 

273-2 

938 

276-3 

954 

279-1 

987 

279-3 

993 

283-2 

1076 

283-4 

1077 

283-9 

1092 

288-5 

1208 

288-8 

l-2"2 

2916 

1140 

294-8 

1172 

300-3 

1270 

304-5 

1438 

305-3 

14-27 

310-0 

VZiO 

310-5 

1220 

318-3 

1419 

322-0 

1444 

3-24-5-324-9 

1417 

325-5 

1445 

330-8 

1472 

334-8 

1479 

337-4 

1414 

339-8 

1486 

342-5 

1495 

345-5 

1408 

345-7 

1397 

346-5 

1399 

352-5 

1541 

362-0 

1840 

365-8 

1842 

374-5 

ITM 

382-5 

1792 

390-8 

1762 

392-7 

1738 

396-0 

1748 

404-0 

1859 

VfEUL] 
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NORTHERN  P  AC  I  FIC>  RAILROAD  SYSTEMr-Continued. 

MAIN  LINE— Continaed. 


GeDeva 

Driftcoll 1 ^ 

Stirling 

Sommit  of  the  Coteaa  dn  Missonriy  here  inconspicooas, 

ftTen^e  of  nataral  surface,  1,900;  highest  gradQ 

MeKenzie 

Ilmoken 

Apple  Creek  Station 

Apple  Creek,  water 

Bismarck 

Miaaoari  River,  low  water,  1,018 ;  highest  water  in  ordi- 
nary years,  1,638;  same,  iu  spriog  of  1881  and  1887, 

1,646;  grade 

Blaflf  close  east  of  this  bridge 

Bottom  land  of  Missouri  River 

Maudan  

Heart  River : 

First  crossing,  water,  IfiM;  grade 

Second  crossing,  water,  1,635;  grade 

Third  crossing,  water,  1,638;  grade 

SnDoyside • 

Heart  River: 

Fourth  crossing,  water,  1,643 ;  grade 

Fifth  crossing,  water,  1,645;  grade 

Sixth  crossing,  water,  1,646;  grade 

Cat,  40  feet  deep ;  grade 

Manoot 

Sweet  Brier  Creek : 

Firvt  crossing,  water,  1,679;  grade 

Second  crossing,  water,  1,686;  grade 

Third  crr»s8ing,  water,  1,691 ;  grade 

Sweet  Brier  Station 

Sweet  Brier  Creek,    one  of    many    crossings  of  this 
stream,  this  being  "where  the  main  Sweet  Brier  comes 

in  from  the  north,'*  water,  1,848 ;  grade 

Sedalia 

Sainniit  between  the  Sweet  Brier  and  the  Blue  Grass  Val- 
leys, natural  surface  and  grade  the  same 

New  Salem 

Bine  Grass  Station 

Cold  Spring  tank 

Sims  Station,  siding  at  Bly's  coal  mine 

Saiuioit  between  Hailstorm  and  Curlew  Creeks,  cutting 

30  feet ;  grade 

Almont 

Curlew  Creek,  first  crossing,  water,  1 ,912 ;  grade 

Curlew  Hiding 

Kartz 


449-5-451-5 
452-2 

4531 
453-8 
454-9 
455-2 

456-2 
456-7 
467-6 
459-9 
460-7 

462-4 
463-0 
463-4 
468-0 


Glenallen 

|»gle'8  Nest  siding 

Somniit  between  Curlew  Creek  and  Big  Knife  River, 

natural  surface  and  grade  the  same , 

Jig  Knife  River,  first  crossing,  water,  2,134 ;  grade 

nebn>n 


Knife  River  siding 

Antelope  sidlnjc 

Sommit  opposite  to  Yoang  Man's  Butte,  cutting  4  feet; 
KHMle 


Bichardton 

Taylor 

Crotting of  FortKeogh stage  road;  grade 

Oladatone 

Greea  River,  low  and  high  water,  2,277-2,291 ;  grade  .. . 


Above  the 


FmL 


1835 
1871 
1867 

1882 
1698 
1720 
1644 
1626 
1670 


1692 

1747 

1632-1637 

1646 

1649 
1648 

1655 
1658 

1660 
1659 
1662 
1728 
1731 

1695 

1703 
1707 
1806 


471-5 

1871 

476-3 

2032 

479-7 

2164 

479-9 

2163 

483-5 

2041 

486-1 

1984 

487-3 

1962 

491-3 

1916 

492-5 

1920 

494-5 

1934 

497-7 

1956 

504-6 

2025 

509-7 

2070 

515-0 

2098 

519-5 

2151 

521-4 

2148 

5221 

2158 

523-7 

2188 

531-4 

2411 

f33-2 

2458 

5:^71 

2466 

542-6 

2488 

547-3 

2417 

550-3 

2348 

6511 

\           'iavi 
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NORTHERN  PACIFIC  RAILROAD  SYSTEM— Continued. 

MAIN  LINE— CoDtlnaeiK 


Upper  Heart  River,  iirst  crossing,  low  and  high  water, 

2,285-2.300;  grade 

Grade  at  '^16-ft.  vein  of  good  coal/' A 

Dickinson 

Eland 


Sonth  Heart  siding .' 

Belfield 

Fryburg  Spnr 

Summit  between  Heart  River  and  the  Little  Missouri 

River,  cutting  16 feet;  grade 

(Thence  westward  the  profile  is  very  irregular,  cross- 
ing the  ''Bad  Lands,"  with  frequent  cuts  and  fills 
of  20  to  50  feet) 

Sully  Springs 

Summit  between  Sully  and  Poland  Creeks,  cutting  29 

feet;  grade 

Scoria 

Medora 

Little  Missouri  River,   bed,  2,244;  high  water,  2,259; 

grade  

Little  Missouri  Station 

Andrews 

Sentinel  Butte  siding 

Summit  between  Andrews  and  Beaver  Creeks,  cutting 

8  feet;  grade 

Beach  


Line  between  North  Dakota  and  Montana 

McClellan 

Mingusville 

Beaver  Creek  here,  bed,  2,630;  high  water,  2,640. 
Summit  between  Beaver  and  Glendive  Creeks,  natural 

surface  and  grade  the  same 

Beaver  Hill  Station 

Hodges 

AUard 

Glendive  Creek,  lowest  crossing,  bed,  2,049;  grade 

Glendive 

Yellowstone  River  here,  ordinary  low  water  about 
2,045. 

Milton 

Fallon 

O'Fallon  Creek,  low  water 

Terry. 


Powder  River,  low  water. 

Blatchford 

Ainslie 


Dixon 

Miles  City 

Tongue  River,  low  water. 

Fort  Keogh 

Horton 

Hathaway 

Rosebud 

Forsythe 

Howard , 

Sanders 

Myers, 


Big  Horn 

Big  Horn  tunnel,  grade. 
Custer 


Riverside 

Bull  Mountain  Station 
Poinpey's  Pillar 


From  Dnlnth. 

Above  the  sea. 

ifOet 

FeH. 

5530 

2a08 

557-2 

23.»2 

561-6 

2405 

565-6 

24:{6 

573-1 

2482 

581-9 

2579 

587-5 

2768 

588-1 


593-0 

595-8 
596-6 
601-1 

601-5 
601-7 
609-6 
617-8 

6-20-8 
626-1 
628-2 
6350 
637-0 


640-3 
641-0 
647-4 
657-4 
6()4-4 
667-6 


682-2 
697-0 
697-0 
706-8 
716-0 
716-9 
726-8 
737-2 
746-0 
747-0 
748-4 
757-7 
766-6 
777-8 
791-2 
801-6 
812-0 
823-2 
833-6 
837-4 
839-5 
848-1 
b56-l 
863.8 


2786 


2575 

2514 
2482 
2267 

2271 
2266 

2478 
2709 

2807 
2756 
2811 
2687 
2652 


2837 
2757 
2508 
2216 
2076 
2069 


2116 
2208 
2147 
2242 
2201 
2247 
2274 
2322 
2355 
2345 
2367 
2395 
2428 
2462 
2514 
2561 
2595 
2&59 
2690 
2737 
2727 
2779 
2842 
2871 


UPHAIL] 
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NORTHERN  PACIFIC  RAILROAD  SYSTEM— Continued. 

MAIN  LINB--Coiitiiiued. 


Clermont 

Huiiiley 

Yellu wst  no  River,  first  cmesing,  low  water 

liilliD>;s 

Laiiri'l ...' 

Park  City 

Ka|ii(is , 

SiilUviitor 

Mmill 

Reedpoint 

Yellowstone  River,  second  (srossing,  low  water 

Gwiycliff 

BigTimbor 

Spnngdale 

Klion 

Minion 

TeUou-stouo  River,  third  crossing,  low  water 

Liviogaiou,  junction  with  Koeky  Mountain  Railroad  of 

MoDtiina  (to  Yellowstone  National  Park) 

Coil  Spur 

Mair 

Big  Belt  Monntains,  range  snmmit , 

&>iue,  tunnel,  suiKinit  grade 

Gordon 

B<'zeuian 

Belgrade , 

I  Urn i Iron,  about 

Morelaod 

Gallatin  River,  low  water,  aboat 

Gallatin ! 

Magpie 

Painted  Rock 

Tostoii 

Tijwnsend 

MisBoari  River,low  water 

Bedford 

Placer l\  .'MV. 

8|H»kane  summit,  grade 

eiawii !.. 

Pfickly  Pear  Jnnction,  with  Helena  and  Jefferson  Connty 

Hailroad 

^ckly  Pear  Creek,  low  water 

BHena 

^  Mountain  Junction,  Helena  and  Red  Mountain  Rail- 
road   

J«n-Mile  Creek,  low  water 

J!|''^»eye 

J'l'mgh  Junction,  Helena  and  Northern  Railroad  

Bntler I 

Jjollan  tunnel,  snmmit  grade 

^^y  Mountains,  summit  of  Mullan  Pass 

Mnlian 

^Hiaton '!.... ...!JI!!!!!!'! !!!! 

Avon .'!"!..!!!!.!.'..!''*1.'!! 

Il^rriaon,  junction  of  Montana  Union  Railway 

»;itte  City  (Montana  Union  Railway) 

jjM 

^jd  Creek,  low  water 

^^'Id  Creek  Station 

^fnniinond,  junction  with  Drummond  and  Phillipsburg 

Railroad 

Beannouth 

Carlan 


From  Dalath. 

Above  the  sea. 

iiiifB, 

Feet 

tf71-8 

2950 

860-1 

3014 

81)1-0 

3079 

892-7 

3117 

906-0 

:^'^tM 

915-7 

:«87 

95W-7 

3517 

933-1 

3.>72 

941-6 

3657 

94  M 

368/ 

944-7 

3676 

900-1 

3847 

973-9 

4072 

987-7 

4190 

995-3 

4282 

9H9-7 

4:W5 

1007-0 

4437 

1008-2 

44H7 

1012-9 

4737 

10-20-2 

5502 

10211 

5h37 

1021  1 

5567 

102S-4 

4907 

10330 

4754 

1042-9 

4437 

1050-0 

4242 

105-2-1 

42-2'.! 

1056-0 

4077 

1061-5 

4032 

1072-0 

3:»81 

1079-2 

3955 

lOtW-6 

3915 

10117-9 

3-<ll 

10:»9-0 

3793 

1101-0 

3  84 

1113-0 

4292 

1115-6 

4347 

11-20-2 

4125 

1126-3 

3ss:) 

11-280 

3867 

1131-2 

3i»32 

1133-1 

3909 

1135-0 

3877 

ll38-!> 

4210 

1140  6 

4315 

1144-2 

47-27 

1151-7 

5550 

1151-7 

5  75 

1152-1 

5532 

1160-3 

50:« 

1169-0 

4677 

]  182-0 

4317 

1233-0 

5703 

1183-3 

4297 

11897 

4205 

U90-6 

4255 

1202  7 

3945 

12151 

3789 

1222-7 

^2^^^ 

I 
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NORTHERN  PACIFIC  RAILROAD  SYSTEM-Continued. 

MAIN  LINE-GoDtinaed. 


Hellgate  River,  low  water,  3,631 ;  grade 

BoDira * 

Wallace ^ 

Bouner  ....^ 

Big  Blackfoot  River,  low  water,  3,223;  grade 

Missoula  River, first  crossing,  low  water,  3,206 ;  grade  . . 

Same,  second  crossing,  low  water,  3, 191 ;  grade 

Missoula,  junction  with  Missoula  and  Bitter  Root  Valley 

Railroad 

DeSmet 

£ varo  (summit  of  Coriacan  Defile  Pass,  grade) 

Arlee 

Jocko  River,  low  water,  2,954;  grade 

Ravalli i 

Jocko 

Duncan 

Pernia 

Clark's  Fork  of  Columbia  River,  first  crossing,  low  water 
(NoTK. — From  bere  west  the  altitudes  are  fr  ni  mean 

tide.  Pacific  Ocean,  and  are  2  feet  ahore  those 

coming  from  the  east.) 

Horse  Plains 

Eddy 

CiarVs  ForlE,  second  crossing,  low  water 

Belknap 

Trout  Creek  Station 

NOXOQ 

Heron 

Cabinet 

Clark's  Fork,  third  crossing,  low  water 

Clark's  Fork  Station 

Hope 

Mouth  of  Pack  River,  ordinary  stage  of  water  of  Lake 

Pend  d'Oreille 

Lake  Pend  d'Oreille,  lowest  stage 

Sand  Point 

Algoma .* 

Granite 

Athol 

Chilco 

Idaho  Line 

Trent 

Spokane  River,  low  water 

Spokane  Falls , 

Hangman's  Creek,  low  water , 

Marshall  Junction,  \Ai(h  Spokane  and  Palouse  Railway. 

Stevens 

Spra^ue 

Harnston 

Ritzville 

Lind  , 

Palonse  Junction,  with  Columbia  and  Palouse  Railroad. 

Eltopii. 

Pnsco  Junction,  Cascade  division 

Ainsworth 

Snake  River,  ordinaiy  low  water , 

Wallnla  Junction,  with  Walla  Walla  and  Dayton  Line, 

Oregon  Railway  and  Navigation  Co 

Walla  Walla 

Juniper 

Umatilla  Junction,  with  Pendleton  and  Baker  City  line, 

Oregon  Railway  and  Navigation  Co , 

Umatilla  River,  low  water 


From  Duluth. 

Above  the  sea. 

Miles. 

Feet. 

1226-4 

3646 

1230-7 

3566 

1238-5 

3450 

1248-5 

3297 

12490 

3277 

1250-5 

3251 

1251-8 

3-231 

1255-5 

3197 

1261-9 

3215 

1272-1 

3948 

12830 

3059 

1284-5 

2999 

12925 

2692 

1299-5 

2509 

1306-5 

2499 

1314-5 

2495 

1317-2 

2404 

13:«-0 

2463 

1347-5 

2415 

1362-5 

2298 

1363-5 

2405 

J  360-5 

2375 

1395-0 

2186 

1405-0 

2261 

1411-0 

2H7 

1416-8 

2065 

1418-5 

2086 

.  1428-5 

2  08 

14330 

2062 

1418-1444-0 

2059 

1443-5 

2100 

1449-5 

2214 

1466-7 

2290 

1471-5 

2210 

14751 

2450 

14950 

212H 

1503  9 

1989 

1504-0 

1925 

1513-1 

1910 

1515-9 

1793 

1521-8 

2134 

1539-8 

2282 

1553-8 

1908 

1563-7 

1950 

1577-5 

1825 

1594-8 

1363 

1622-6 

658 

1641-1 

600 

la'iS-O 

385 

1660-8 

351 

16610 

328 

1674-5 

326 

1706-0 

925 

1687-0 

318 

1702-0 

302 

1702-3 

270 

urauc.] 
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NORTHERN  PACIFIC  RAILROAD  SYSTEM— Continned. 

MAIN  LINS-Cantinued. 


Coyote ••• 

Willows 

Alkali , 

Quino's '. 

Grant's 

Des  Chutes  River,  low  water 

Celilo 

The  Dalles 

Hosier 

Hood  River,  low  water 

Viento 

Bonneville 

Bridal  Veil 

Ssndy  River,  low  water 

Trontdale 

Clamie 

Portland 

Colninbia  City 

Columbia  River,  high  tide 

Ktlama 

Castle  Rock 

Winlock 

Ncwaaknm  River,  low  water 

Cbehalis 

Ceutralia 

Tenino,  janction  with  Olyinpia  and  Chehalis  Valley  Rail 
road 

l>e«Chntes  River,  low  water 

Yelm  Prairie 

Nisqnally  River,  low  water , 

lAkenew  1 

Tacoma 


From  Dalath. 

Above  the  sea. 

IfOet. 

Fut. 

17180 

257 

17380 

234 

1747-0 

232 

17620 

2:)6 

1778-0 

180 

1785-0 

170 

1787-0 

160 

1800-0 

106 

1816-0 

100 

1823  0 

80 

18310 

104 

1847-0 

60 

1860-0 

46 

18710 

30 

1871-0 

60 

18790 

214 

18890 

30 

1920-0 

90 

19-28-1929  0 

17 

192y-2 

33 

1950  0 

83 

1965-8 

328 

1977-0 

192 

1979  3 

204 

1983-2 

207 

1995-0 

315 

2001-0 

325 

2008-6 

387 

2010-6 

265 

2025-3 

324 

2034-2 

31 

CASCADE  DIVISION. 

[From  i»rofile  in  the  office  of  S.  D.  Mason,  eof^ineer,  and  Richard  Self,  asAistant  engiDeer.  St  Panl.] 

The  profile  is  referred  to  a  datum  plane  5-72  feet  below  mean  sea  level  (as  deter- 
mined by  the  U.  S.  Coast  Survey)  in  Commencement  Bay,  Taooma ;  and  therefore 
^  altitades  have  received  in  the  following  tabulation  a  uniform  subtraction  of  6 
f^t  With  this  change,  the  height  of  Pasco  Junction  is  1  foot  above  that  deter- 
luioed  la  the  survey  of  the  main  line. 


I*»«o  Junction 

Colmnbia  River,low  water  (1887),  320 ;  high  water  (1876), 
^;  grade  on  bridge 

lennewick 

Relief 

J*^8«r  (a  summit  of  urade) 

SP'^hoe  Bend  of  Yakima  River,  water,  488 ;  grade 

aiona 

^"^w. .!!! !'  1 .  J. . . . !  .1 ! ! !. ! !  i  i  * ! ! ! ....'....'...... 

**kinia*  River,  water  at  ordinary  low  stage,  i  mile  east 

of  Bender 

^"«.  Imile  west  of  Bender 

fp*««er : 

■•bton 


From  Dnlutb. 

Above  tho 

sea. 

Miies. 

Feet 

1658-0 

386 

C         16591 

) 

<            to 

} 

364 

(        1659-6 

s 

16(51-0 

350 

1666-9 

565 

1675-6 

687 

l(>82-2 

522 

16851 

499 

1692-9 

639 

1692-4 

• 

544 

1693-9 

572 

1698-8 

668 

17lO-^i 

1 

m 
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NORTHERN  PACIFIC  RAILROAD  SYSTEM— Continued. 

GASCADB  DIVISION-Contiiined. 


Satns 

Toppenish  Creek,  bed,  704  ;  grade 

Toppenish 

Situcoe 

Yakima   - * ." 

Natches  River,  low  and  liigh  water,  1,080-1,086;  grade 
Yakima  River,  first  crossing,  low  and  high  water,  1,120- 

1.1*27;  grade    

Selah 

Yakima  River,  second   crossing  (at  lower  end  of  Big 

Cafion),  bed,  1,189;  water,  1,196;  grade 

Roza 

Gibraltar  Rock,  cutting  57  feet ;  grade 

Umtanum  Creek,  bed,  1,321;  grade 

Umtauum  

Yakima  River,   tbird  crossing  (at  npper  end  of   Big 

Cafion),  low  and  bigb  water,  1,403-1,413;  grade 

Wilson  Creek,  bed,  1,410;  bigb  water,  1,418;  grade  ... 

Tbrall 

Ellensbur^ 

Yakima  River,  fonrtb.crossing,  bed,  1,605;  grade 

Thorp 

Yakima  River,  fifth  crossing,  bed,  1,673;  grade 

Canon  (near  the  npper  cafion  of  the  Yakima) 

Teanaway  River,  bed,  1,811 ;  grade   

Teanaway 

Clealum 

C leal um  River,  bed,  1,961 ;  grade    

Yakima  River,  sixth  crossing,  bed,  2,000 ;  grade 

Nelson's 

Big  Creek,  bed,  2,088;  grade 

Easton , 

Tunnel,  natural  surface,  2,314 ;  grade 

Cabin  Creek,  bed,  2,217 ;  grade   

Martin 

Stampede  tunnel,  east  end,  grade 

Same,  summit  of  grade , 

Same,  west  end,  grade 

Stampede  pass,  crossing  the  Cascade  range 

Stampede,  engine  house 

Cole 

Weston , 

(Level  grade  1,500  feet  each  side  of  Weston.) 
Green  River  at  bend  of  loop  of  railroad  1  mile  southeast 

of  Weston,  bed,  1,793;  grade 

Green  River,  bed,  1,566;  grade 

Hot  Springs , 

May  wood  (level  grade  here  for  1,700  feet) 

Eagle  Gorge 

Green  River: 

Low  and  high  water,  1,048-1,056;  grade 

Low  and  high  water,  1,004-1,009 ;  grade 

At  eastern  one  of  three  bridges  near  together,  low 
and  high  water,  895-904 ;  grade 

At  western  one  of  these  bridges,  low  and  higli  water, 
875-885 ;  grade 

Low  and  high  water,  823-833;  grade 

Lowest  crossing,  low  and  high  water,  809-819 ;  grade 

Palmer 

Ennmclaw 

Boise  Creek  Station 

White  River,  bed,  615;  grade 


From  Dnlath. 

Above  the  sea. 

MOm, 

F«ieL 

1718-8 

680 

17-231 

716 

1729-3 

763' 

173G'5 

mi 

1748-3 

1069 

17500 

1100 

1754-4 

1149 

1755-5 

1151 

1760-9 

1225 

1764-2 

1251 

1771-7 

1336 

17721 

1340 

1772-8 

1351 

1779-2 

1426 

1779-4 

1426 

1780-4 

1437 

1785-3 

1613 

1791-5 

1629 

1794-0 

1664 

1796-3 

1698 

1801-8 

1790 

1804-9 

1828 

1805-7 

lb39 

1809  8 

1912 

1813-8 

1986 

1815-8 

2025 

1816-3 

2032 

.1820-2 

2104 

1823-2 

2171 

1825-8 

2234 

1826-0 

2237 

1830-8 

2777 

1831-6 

2839 

1832-5 

2849 

1833-4 

2812 

18.32-5 

3980 

1833-9 

2746 

18:J8-4 

2164 

1841-4 

1854 

* 

1842-5 

• 

1809 

1847-2 

1.584 

1848-2 

1544 

18531 

1345 

lri61-l 

1083 

1861-4 

1074 

1862-3 

1039 

1865-3 

925 

•  1865-6 

917 

1867-4 

846 

1867-6 

846 

1868-7 

874 

1877-6 

734 

1879-8 

685 

1880-0 

685 

IIFHikM.] 
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NORTHERN  PACIFIC  RAILROAD  SYSTEM-Continued. 

CASCADE  DIVISION—CoDtinued. 


From  Bnluth. 


Backley 

Cascade 

6onth  Prairie 

White  Riyer,  low  and  high  water,  14*^146:  grade. . 

Stack  .luuction 

Stack  River,  low  and  high  water,  83-90;  grade 

Alderton 

Payallnp  River,  low  and  high  water,  48-^;  grade, 

Meeker 

Payallnp , 

Clark'fi  Creek,  bed,  8;  water,  12;  grade 

Beser  nation 


Miles. 
1881-0 
l''85-2 
18860 
18931 
1H94-4 
1895  0 
1898*9 
1900*2 
1901*4 
1902-7 
1905-1 
1909-1 
1910-8 

to 
1911-2 
1911-7 


Above  tlie  sea. 


Feet. 


716 

473 

423 

165 

100 

101 

65 

72 

62 

45 

30 

12r 


9 
10 


Conimencenient  Bay,  depth  of  water  at  mean  sea  level, 
10 feet;  grade 

Tacoma,  top  of  wharf 

Lowest  tide  observed  at  Tacoma  by  U.  8.  Coast  Survey,  1877,  10.5  feet  below  mean 
wa  level. 

Highest  tide  observed  by  Coast  Survey,  1877,  5  feet  above  mean  sea  level. 

Highest  tide  observed  by  D.  D.  Clark,  1884,  7  feet  above  mean  sea  level. 

Extreme  range  between  low  and  high  tidu,  17*5  feet. 


ST.  PAUL  AND  NORTHERN  PACIFIC  RAILROAD. 
(Operated  by  the  Northern  Pacific  Railroad  Company.) 

MAIN  LINK,  8T.  PAUL  TO  IHAIKSUD. 

[From  profile  in  the  office  of  J.  W.  Eendrick,  engineer,  St  Paul.] 

This  profile  has  a  discrepancy  of  4i  feet  at  Little  Falls,  north  of  which  place  its 
fi;;urefl  are  copied  with  a  nniforiii  addition  of  1  foot,  which  makes  them  a^ree  ex- 
actly with  the  corrected  elevations  of  the  Northera  Pacitic  Railroad  at  Braiuerd. 
From  81.  Paul  to  Little  Falln  it  requires  a  uniform  subtraction  of  4^  feet,  wbieli  is 
li^'ieinade,  givingngreement  with  connecting  railways  at  St.  Paul,  Miuneapulis,  and 
!*t.  Cloud.  • 


8l.  Paal,  union  depot 

Mississippi  street,  grade 

Conio  avenue,  grade 

"aiTeudale 

Summit,  cutting  2  feet ;  grade 

°"«llinK  avenue  (Hamline) 

^t.  Anthony  Park  Statiou  (a  summit  of  grade) 

J^piveruity  avenue,  Minneapolis 

'■issiMippi  River,  atbridgeof  this  railroad  near  the  State 
Ijuiversity,  bed,  716;  low  water,  720;  top  of  St.  Peter 
^Ddstone  in  both  bluffs,  759 ;  top  of  Trenton  lime- 
stone io  east  bluff,  789,  and  in  west  bluff,  7e4  ;  grade. 

'■ioneapolis,  St.  Paul,  Minneapolis  and  Manitoba 
(nnion)  depot;  grade  (.3  feet  abuve  that  of  St.  Paul, 
Minneapolis  and  Man  i  toba  Rai  1  w  ay ) 

Aissiseippi  River  at  bridge  of  this  railroad  in  the  north 
part  of  Minneapolis,  bed,  783;  low  and  high  water, 
7»l-803;  grade 

Frirtley 

Sammit,  gride..... --- 


From  St  Paul.  ,  Above  the  iiea. 


Mile*. 

Feet. 

0  0 

703 

1-6 

784 

4-6 

911 

5-3 

925 

5-6 

933 

6-2 

922 

80 

9<)4 

9-4 

827 

10-0 


11-4 


13-2 
17-4 

17-8 


815 


813 


825 
H47 
&>4 
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ALTITUDES   BETWEEN   LAKE   SUPERIOR 


[BUIX.72. 


NORTHERN  PACIFIC  RAILROAD  SYSTEM— CoDtinued. 
ST.  PAUL  AND  NORTHERN  PACIFIC  RAILROAD— Continaed. 

MAIN  LINK,   HT.  PAUL  TO  BBAIKKBD — Continued.    . 


From  St.  Paul. 


Rice  Creek,  mill  pond,  bed,  812;  water, 618;  grade 

Sammit,  grade 

Coon  Creek,  bed,  824 ;  water,  826;  grade 

Coon  Creek  Station 

Anoka  

Ram  River,  bed,  828;  low  and  high  water,  640-847; 
grade 

Itasca. 

Elk  River  Station 

Elk  River,  bed,  886;  water,  893;  grade 

Bailey's 

Big  Lake  Station 

Becker j 

Clear  Lake  Station 

Cable 

East  St.  Cloud 

Crossing  St.  Cloud  and  Hiuckley  branch,  St.  Paul,  Min- 
neapolis and  Manitoba  Railway 

Sank  Rapids 

Mississippi  River  at  the  mouth  of  Sank  River 

Summit,  grade 

Watab 

Gk>odhae  brook,  grade  on  bridge 

Little  Rock  River,  water,  1,007 ;  grade 

Rice's 

Platte  River,  water,  1,059 ;  grade 

Royalton 

Gregory ^ 

Little  Falls,  junction  of  Little  Falls  and  Dakota  Rail- 
road    

Belle  Prairie 

Topeka 

Sammit,  grade 

Fort  Ripley 

Nokasippi  River, bed,  1,134;  low  water,  1,139;  grade... 

Lenox  

Crow  Wing 

Buffalo  Creek,  bed,  1, 173 ;  wat-er,  1, 175 :  grade 

Summit,  cutting  6  feet;  grade 

Bnckhorn  Creek,  bed,  1,190 ;  water,  1, 192 ;  grade 

Brainerd,  junction  with  Northern  Pacitic  Railroad 

Brainerd  Station 


MiUi. 
18-9 
22-4 
23-4 
250 
•     28-5 

29-2 
35-6 
40-5 
45*5 
461 
49-4 
57  5 
64-3 
70-4 
75-5 

75-8 
77-3 
77-3 
82-6 
830 
85-1 
863 
90-2 
95-9 
96-8 
102-6 

107-6 
.111 -9 

r^o-0 

•120-9 
121-9 
126-3 
130-2 
134-0 
135-0 
136-5 
137  9 
138-0 


Abore  the  sea. 


Feet, 


845 
881 

858 
867 

878 

863 
8H5 
893 
909 
913 
935 
972 
991 
1012 
1025 

10^ 
1005 
988 
1058 
1053 
1048 
1025 
1062 
1073 
1080 
1100 

1117 

11:^2 

1143 
1175 
1169 
1154 
1176 
1194 
I'iOfi 
WM 
1215 
1207 
1209 


UTTLE  FALLS  TO  BTAPLEB*  mLLB. 

[From  profile  in  the  office  of  S.  D.  If  ason,  engineer,  St.  Panl.] 
Agreement  is  exact  with  the  corrected  main  lines  at  Little  Falls  and  Staples'  Mills. 


Little  Falls,  main  line 

Junction  with   Little  Falls  and  Dakota  Railroad  close 

west  of  the  Mi8si8.sippi  Bridge 

Darling 

South  fork  of  Little  Klk  River,  water,  1,160;  grade 

Randall 

Relf 

Summit,  cutting  18  feet ;  grade 


From  St.  Paul. 

Above  the  sea. 

3fUea. 

Feet 

107-6 

1117 

108-3 

1112 

112-3 

1154 

117-7 

1174 

1181 

1178 

123-3 

12a5 

1261 

1333 

DrHAM.] 
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NORTHERN  PACIFIC  RAILROAD  SYSTEM— Continued. 
ST.  PAUL  AND  NORTHERN  PACIFIC  RAILROAD— Contijaod. 

LITTLB  FALLS  TO  BTAPLBS'  MILLS— Continued. 


DepiMston  at  Fish  Trap  Lake,  filling  11  feet ;  grade 

Fiflk  Trap  Lake,  about  1/273 ;  Lake  Alexander,  about 

1,275. 

Liocoln 

Fish  Trap  Creek,  bed,  1,252;  grade 

Siunmit,  cuttins  26  feet ;  grade 

Fish  Trap  Creek,  l>cd,  1, 237  ;  grade 

Biidaall 

Long  Prairie  River,  bed,  1,223;  water,  1,227 ;  grade 

Hayden  Creek,  bed,  1,2*U ;  grade 

Staples^  Mills,  junction  with  Northern  Pacific  Railroad, 

143-8  miles  from  Duluth 


From  St  Paul. 

Above  the  sea. 

Miles. 

Fest. 

1281 

1286 

129-4 

1281 

131-4 

1269 

133-3 

1276 

135-3 

1248 

135-6 

1245 

135 -i) 

1243 

140-5 

1247 

141-6 

1274 

V 

LITTLB   FALLS   AND    DAKOTA   RAILROAD. 

(Opentedby  Northern  Pacific  Railroad  Company.    From  profile  in  the  office  of  S.  D.  Mason,  en^^ineer, 

St,  Paul.  J 

With  changes  here  made  as  required  by  this  profile  to  refer  it  to  sea  level  at  Little 
Falls  and  to  join  its  three  distinct  series  of  leveling,  it  agiees  witli  the  connecting 
railways  at  Sauk  Center,  Glen  wood,  and  Morris 


Little  Falls,  junction  with  St.  Paul  and  Northern  Pacific 
Railroad,  107-6  miles  from  St.  Paul 

Miiaissippi  River,  bed,  1,086 ;  low  water,  formerly,  1,090 ; 
water  uow  raised  bv  dam  to  1,099 ;  grade 

Pike  Creek,  bed,  1,106;  grade 

SDmmit.  cutting  4  feet;  grade 

La  Fond , 

Sommit,  cutting2  feet;  grade 

SoiDDiit^  cutting  1  foot;  grade 

Milkie's  Creek,  bed,  1,174;  grade 

Baiu'sRun,  bed,  1,157;  grade, 

Wsh  Creek,  bed,  1,154;  grade 

Swan  Biver,  bed,  1,151;  low  water,  1,154;  grade 

Swanville 

^niit,  cutting  6  feet;  grade 

^nley  Creek,  bed,  1,171;  water,  1,173;  grade 

Sonimit,  cutting  23  feet;  grade 

Hansen 

Boiumit,  natural  surface  and  grade  the  same 

Cogel  (summit,  natural  surface  and  grade  the  same) . . . 

Gniy  Eagle 

pairie Brook,  bed,  1,179;  grade 

fijwh  Bark  Lakes,  water,  about 

fn>ok,  bed,  1,201;  grade 

JJfth  Lake  Station  

^tnit,  natural  surface  and  grade 

opaalding 

J^mit,  cutting  13  feet;  grade 

2*ttk  Biver,  bed,  1,214;  low  water,  1,221;  grade 

gjok  Center 

^e, crossing  St.  Paul, Minneapolis  and  Manitoba  Ry.. 

"  estport 

^ley  Creek,  a  half  mile  below  Westport  Lake,  bed, 
1,319;  grade 


From  Little 
Fallo. 

A  bore  the  sea. 

Mtle€. 

Feet. 

0-0 

1117 

0-5 

lUi 

3-8 

1118 

6-8 

1198 

7-2 

118<) 

9-2 

1213 

10-5 

1214 

110 

1185 

13-1 

116(3 

13-7 

1161 

14-3 

1164 

161 

IITA 

170 

1194 

18-0 

1179 

19-2 

1201 

20-6 

1270 

20-8 

1-271 

22-6 

1294 

25-1 

1225 

27-8 

1194 

27-8 

1177 

28-4 

1221 

28-6 

1229 

29-7 

1283 

311 

1294 

32-6 

1340 

36-7 

1227 

37-6 

1244 

37-8 

1255 

47-8 

1334 

48-7 

1331 

32 


ALTITUDES   BETWEEN   LAKE   SUPERIOR 
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NORTHERN  PACIFIC  RAILROAD  SYSTEM— Continued. 
LITTLE  FALLS  AKD  DAKOTA  SAILBOAD-Continned. 


-k«^ 


Villard 

Lakes  Villard  and  Amelia,  water - . 

Summit  at  crossing  of  the  Minneapolis  and  Pacific  Rail- 
way, natural  snrface  and  parade 

Glenwood : 

Rue's  Run,  bed,  1,262;  grade 

Trapper's  Run,  near  Pelican  Lake,  l)ed,  1,145;  grade... 

Lake  Whipple  (formerly  called  White  Bear  Lake  and 
recently  Lake  Minnewaska),  low  and  high  water. ... 

Water  tank,  grade 

Starbuck - 

Little  Chippewa  River,  bed,  1,149;  grade 

Summit,  cutting  4  feet;  grade 

Chippewa  River,  bed,  1,110;  grade 

Cyrus 

Summit,  cutting  1  foot;  grade 

PommedeTerre  River,  bed,  1,074;  grade 

Morris 


Above  the 


Fut. 

1360 
1347 

1415 
1403 
1299 
1171 

1133-1137 
1159 
1161 
1157 
1185 
1124 
1142 
1191 
1087 
1129 


NORTHERN  PACIFIC.  FERGUS  AND  BLAjCK  HILLS  RAILROAD. 

[Operated  b3'  Northern  Pacific  Railroad  Company.    From  profile  in  the  office  of  S.  D.  Mason,  engi* 

neer,  St.  Paal.  ] 

The  elevations  ^iven  by  the  profile  receive  here  a  uniform  addition  of  2  feet,  like 
the  Northern  Pacitic  Railroad.  Intersecting  railway^  at  Fergus  Falls,  Breckenridge, 
and  Wahpetou  show  exact  agreement. 


Wadena  Junction,  Northern  Pacific  Railroad,  162*9  miles 

from  Duluth 

Oak  Creek, bed,  1,336;  grade .• 

Bluff  Creek,  bed,  1,325;  grade 

Deer  Creek,  bed,  l,3^0;  grade 

Ducr  Creek  Staliou 

Summit,  cutting  5  feet;  grade w. 

Rock  Creek,  bed,  1,395;  grade 

Summit,  grade , 

Parkton 

Willow  Creek,  bed,  1,408;  grade , 

Henning 

Pease  Prairie,  general  surface 

East  Battle  Creek,  bed,  1,371;   grade 

Viuing 

Clitherall 

Summit,  grade 

Outlet  of  Lake  Clitherall,  bed,  1,333;  grade 

Lake  Clitherall,  wat-er 

Battle  Lake  Station  

Outlet  of  Turtle  Lake,  bed,  1,329;  grade , 

Turtle  Lake,  low  and  hi;^h  water 

JVIaplewood  (station  discontinued ). 

Under  \voo<l , 

Outlet  of  BasH  Lake,  bed,  1,329 ;  grade 

Bass  Lake,  low  and  high  water 

Wall  Lake  Station 

Red  River, bed,  1,230;  water,  1,233;  grade 

Mill  Park 

Red  River,  bed,  1,193;  grade 

PehcAD  Junction 


From  Wadena. 

Above  the  sea. 

MUe9. 

Feet. 

1-9 

1352 

3-3 

1349 

5-4 

1:^55 

10-0 

1391 

10  3 

1396 

12-3 

1421 

12-7 

1411 

131 

1426 

13-9 

1396 

17-4 

1422 

180 

1439 

19-21 

1452 

23-6 

1382 

24.1 

1391 

291 

1346 

29-7 

1370 

31-3 

1342 

29-31 

1334 

33-3 

1356 

36-7 

1341 

36-7 

1325-1330 

38-9 

1362 

41-3 

1345 

421 

1337 

421 

1327-1330 

45-8 

1292 

46-9 

1248 

491 

1225 

50-1 

1206 

510 

1189 

UPBAM.] 
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NORTHERN  PACIFIC  RAILROAD  SYSTEM-Continued. 
NORTHERN  PACIFIC.  FERGUS  AND  BLACK  HILLS  RAILROAD-.Continued. 


CrowioeSt.  Paul,  Minneapolis  and  Manitoba  Railway.. 

FerKDS  Falls 

Red  River,  bed,  1,147  ;  water  (in  lowest  mil Ipond),  1,156; 

^rade 

Pelicaii  River,  bed,  1,122 ;  water,  1,124 ;  grade 

Sommit,  grade 

French .' 

Upper  or  Herman  Beach  of  Lake  Agassiz,  c^est,  1,0H2; 

giade 

(Tbis  beach  ridge  i 4  about  40  rods  wide  (including 
the  slopes),  and  rises  10  feet  above  its  base  on 
each  side.) 

Amss  (station  discontinued) 

Everdell 

Watosco 

Ked  River,  bed,  95(5;  grade 

Rreckenridge 

Boig  des  Sioux  River,  bed,  944 ;  water,  945 ;  grade 

Wtbpeton 

^ild  Bice  River,  bed,  937 ;  water,  940 ;  grade 

Fsrmington '. 

Antelope  Creek,  grade * 

Fiiirview -. 

Mooreton 

McCtuleyville  Beach  of  Lake  Agassiz,  crest,  974 ;  grade. 
(This  beach  ridge  is  about  30  rods  wide  ;  its  crest  is 
H  feet  above  its  east  base  and  3  feet  above  its  west 
base  ) 

Baniey ^ 

Wyndoiere 

Hermao  Beach,  crest,  1,067;  grade 

(This  boach  ridge  is  50  rods  wide  (including  the 
slopes),  and  rises  8  feet  above  the  land  on  each 
side.) 
Thence  westward  the  surface  is  very  nearly  level  for 

iboatSmilee 

Ds  Lamere 

Ifilnor  Beach,  crest  and  grade  the  same 

Second  (upper)  Milnor  Beach,  crest  and  grade  the  same.. 
(Each  of  these  beach  ridges  is  about  20  rods  wide 
and  4  to  6  feet  high. ) 
Mibor 


From  Wadena. 


MUea. 


51-2 
51-9 


52-2 
560 
56-5 
58-2 

60*0 


105-4-113-2 
112-5 
1160 
1163 


119-0 


Abovo  the  sea. 


Feet. 


1194 
1185 

1177 
1135 
1177 
10d7 

1077 


60-6 

1065 

68-4 

994 

71-3 

980 

74-6 

971 

76-9 

962 

77-2 

962 

78-0 

965 

82-6 

959 

84-9 

962 

8t5-5 

960 

88-4 

967 

90-8 

969 

91  1 

975 

96-0 

1033 

103-8 

1062 

105-3 

1066 

106-2-1066 
1066 

ioa5 

1080 


1097 


DULUTH  AND  MANITOBA  RAILROAD. 

(Operated  by  Northern  Pacific  Railroad  Company.) 

I'tOB  profile  in  the  oflloes  of  J.  B.  Holmes,  president,  Minneapolis,  and  S.  D.  Mason,  engineer,  St. 

Paul]. 

"Hie  elevations  from  Winnipeg  Junction  to  Fertile  are  copied  without  chanec^. 
^ose  north  of  Fertile  a  discrepancy  in  the  profile  reqnires.a  subtraction  of  lOi  foet 
'root  its  elevations  thence  northward.  With  this  correction,  the  elevations  obtained 
%  this  survey  at  Grand  Forks  and  Pembina  are  2  feet  higher  than  by  the  St.  Paul, 
MioneapoUs  and  Manitoba  Railway  west  of  the  Red  River,  and  Viy  the  United  States 
Engineer  CorjM  in  their  survey  of  this  river ;  but  they  would  be  4  feet  higher  if  a  uni- 
form addition  of  2  feet  were  made,  as  required  to  bring  this  profile  into  accord  with 
(be  Northern  Pacific  Railroad.  The  addition  of  2  feet  is  therefore  omitted ;  and  the 
^^'ff^cted  profile  is  harmonized  with  the  United  States  engineers'  surveys  along  the 
^  River  by  subtracting  21  feet  from  it  (i.  e.,  13  feet  from  the  original  profile)  at  Red 
we  Falls  and  uniformly  thence  oorthwurd  to  Pembina  and  the  international 
poQndary. 

Ball.  72—^ 
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NORTHERN  PACIFIC  RAILROAD  SYSTEM-Contiuued. 
DULUTH  AND  MANITOBA  RAILROAD-^ontinuod. 


Winnipeg  Janciiony  Nurthern  Pacific  Railroad,  226'6 
milosfroDi  Diiluth 

Buffalo  River,  bed,  1,150;  grade 

Summit,  natural  Hurfarje  and  grade 

Ulen  

South  Branch  of  Wild  Rice  River,  bed,  1,113;  gra<1e 

Upper  or  Herman  Beach  of  Lake  Agassis,  crcnt,  1,141; 

grade  ..1 

(Descent  south  from  crest  in  12  rods,  9  feet;  desceut 
north  in  12  rocls,  6  feet.) 

Twin  Valley 

Wild  Rice  River,  bed,  al)ont  985 ;  grade 

Norman  

Herman  Beach,  crest,  1,156;  grade 

Sand  Hill  River,  bed,  1,075 ;  grade 

Fertile 

Kittelson  Creek,  bed,  1,094 ;  grade 

Herman  (6)  Beach,  crest 

Herman  {d)  Beach,  three  places,  ciost,  1,118-1,119 ;  grade 

Crossing  the  Fosston  branch  of  the  St.  Paul,  Minneapolis 
and  Manitoba  Railway 

Tilden 

Norcross  Beach,  crest  and  grade 

Tributary  of  Badger  Creet,  1,033 ;  grade 

Red  Lalce  Falls,  junction  of  spur  track  to  station 

Red  Lake  Falls  station,  0*6  mile  from  the  main  line 

Red  Lake  River,  bed,  932;  grade 

Summit, cutting  9  feet;  gi^e 

Black  River,  bed,  939 ;  grade 

McCanleyvillo  Beach,  crest  and  grade 

Crossing  the  St.  Hilaire  branch  of  the  St.  Paul,  Minne- 
apolis an6  Manitoba  Railway 

Beach,  crest  and  grade 

Beach,  crest  and  grade 

Beach,  crest  and  grade 

South  Euclid,  crossing  the  St.  Vincent  line  of  tbe  St.  Paul, 
Minneapolis  and  Manitoba  Railway 

Bnffington 

Junction  of  spnr  track  to  Keystone 

Lowest  portions  of  this  spur  track 

Keystone 

Grand  Marais  Slough  (former  channel  of  Red  Lake  River), 
bed, 813 ;  grade  

East  Grand  Forks 

End  of  spur  to  river.  East  Grand  Forks 

Red  River,  bed,779 ;  ex treme  low  and  high  water,  784-828 ; 
grade 

Grand  Forks 

Slough,  bed,  807  ;  grade 

Salt  River,  bed,  817;  grade 

Kelley's 

Salt  Cooley,  bed,  823 ;  grade 

Mcckinock 

Turtle  River,  bed,  854  ;   grade 

Bean's 

Gilby 

Johnstown 

Forest  River  Station 

Forest  River,  bed,  847 ;  grade 

Voss 

Crossing  the  Neche  line  of  the  St.  Paul,  Vlinneapolis 
and  Manitoba  Railway 


From  W I  Dili- 
pog  Junction. 


Miles. 


0  0 


0-5 

1172 

5-8 

1253 

130 

1151 

13-6 

1135 

18() 


153-7 


Above  tbe  sea. 


Feet. 


1181 


1135 


25-8 

1093 

27-8 

1010 

33-9 

1099 

43-7 

1151 

44-5 

1 1 15 

45-5 

1140 

481 

1124 

49-3-50-0 

1152-1155 

570-57 -8 

1116-1117 

57  1 

1116 

57-3 

1116 

CI -3-61 -6 

1101 

64-9 

1045 

68-7 

1036 

69  3 

10:^-; 

70-6 

9(il 

730 

lO'.l 

75-9 

974 

76-6-77-8 

993-992 

78-3 

977 

80-7 

962-961 

81-4 

954 

821 

946 

86-0 

901 

90-0 

872 

93-3 

855 

94  •6-95-9 

a53 

96-3 

a'ys 

101-6 

8*28 

104-7 

831 

105-1 

807 

104-9 

831 

105-4 

H34 

107-3 

828 

114  I 

SM\ 

115-9 

H42 

1166 

835 

122-1 

861 

122-9 

865 

127-3 

893 

130  9 

879 

i:i5-3 

871 

140-3 

862 

1411 

a59 

l!r)-5 

842 

826 
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NORTHERN  PACIFIC  RAILROAD  SYSTEM— Continued. 
DULTJTH  AND  MANITOBA  RAILROAD-^ontlnned. 


Graflon 

Park  RiTer,  bed, 803;  grade 

Cashel 

Drayton 

Bowesmont 

Joliette 

Pembina  River,  ordinary  stage  of  water,  757 ;  grade 

Pembina 

Grade  on  the  international  boundary 


From  Winni- 
peg Janction. 


Miles. 
154-6 
155  0 
161-9 
1701 
1791 
188-6 
198-2 
199-1 
201-5 


Above  the  aea. 


Fut 


824 
822 
804 
798 
791 
794 
785 
789 
789 


FARCK)  AND  SOUTHWESTERN  RAILROAD. 

(Operated  by  Northern  Pacific  Railroad  Company.) 
[From  profile  in  the  oflice  of  S.  D.  Mason,  engineer,  St  Paul.  J 

An  addition  of  2  feet  is  made  here,  as  on  the  Northern  Pacific  Railroad.  It 
agrees  at  La  Monre  with  the  James  River  Valley  Railroad,  and  at  Edgeley  with  the 
Chieago,  Milwaukee  and  St.  Paul  Railway. 


Junction  with  Northern  Pacific  Railroad,  near  Fargo, 

253-7  milee  from  Dnluth 

Cotter's 

Honee , 

Sheyenne  River,  bed,  897;  grade , 

Winen 

Da?enport,  crossing  the  St.  Panl,  Minneapolis  and  Man- 
itoba Railway 

Woods 

^wer  Tintah  Beach  of  Lake  Agassiz,  crest,  1,014 ;  grade 

(This  beach  ridge  is  bordered  on  its  east  side  by  a 

gradnal  slow  descent,  and  on  the  west  side  by  a 

depreasion  7  feet  below  its  crest,  15  rods  distant. 

Small  beach  ridges  appear  also  500  and  800  feet 

west  from  this  depression,  their  crests  being  at 

1,016  and  1,017  feet ;  grade  at  these  points  is  1,018 

and  1,021.) 

IJpper  Tintah  Beach  or  shore  of  Lake  Agassiz,  the  snm- 

■nit  of  a  comparatively  steep  ascent  from  the  east, 

^ith  a  gentler  ascent  thence  westward,  escarpment 

,  crest,  1,034 ;  grade 

wonard 

(Norcroes  Beaches,  three,  at  32*0, 32-3,  and  32*7 miles; 

crests,  1,062, 1,062,  and  1,065  feet.    The  last  is  only 

IB  rods  wide :  the  depression  on  its  east  side  is  6 

feet,  and  on  tne  west  5  feet.) 

'^ression,  apparently  an  ancient  water-conrse,  800  feet 

*ide,  6  feet  below  the  land  on  each  side  (bat  eastward 

*  gradnal  descent   begins  within  500  feet),  bottom, 

1,064;  grade 

ebtldon 

^fttoral surface,  1,122;  grade 

jottfville 

Snmmit,  cutting  1  foot;  grade '. 

Topof  left  (eastern) blunof  the  Sheyenne  River,  natural 

VQr&ee  and  sprade  the  same  

(Thence  the  grade  descends  rapidly  westward,  with 
freqaent  onta  and  fills  of  15  to  35  feet.) 


From  Fargo.     Above  the  sea. 


MiUt. 

FtU. 

1-2 

4-2 

10-7 

12-3 

161 

905 
911 
919 
923 
926 

19-1 
25*3 

27-8 

923 

952 

1010 

28-2 
28-7 

1029 
1047 

4015-40-3 
41-5 
45-1 
50-4 
51-0 

1070 
1080 
1119 
1173 
1190 

54-0 

1187 
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NORTHERN  PACIFIC  RAILROAD  SYSTEM-Continaod. 
FAROO  AND  S0TTTHWB8TBRK  RAILROAD-ConiiDned. 


FteL 


1092 
1091 
1310 
1408 
1343 
1385 
1352 
1387 
1403 
1307 
1307 


Sbeyenne  River,  b<?d,  1.064;  grade 

Lisbon 

Elliott 

Summit,  cutting  3  f.  et ;  grade 

Marshall 

Summit,  natural  surface  and  graile  tbe  same 

Bear  Creek,  bed,  1,328 ;  water,  1 ,333 ;  grade 

Verona 

Valley  Junction,  James  River  Valley  railroad -^ 

La  Monre,  junction  witb  James  River  Valley  railroad 

James  River,  bed,  1,289;  grade 

Notes  of  fbo  continuation  of  this  railroad  from  La 
Moure  to  Edgeley,  under  tbe  name  of  tbe  Northern 
Pacific,  La  Moure  and  Missouri  River  Railroad,  are 
as  follows : 

Berlin 

Medbery 

Crossing  tbe  Chicago,  Milwaukee  and  St.  Paul  Railway.. 

Edgeley 


JAMES  RIVER  VALLEY  RAILROAD. 

(Operated  by  Northern  Paciflo  Railroad  Gompaoy.) 
[ProTo  profile  in  the  office  of  S.  D.  Mason,  engineer,  St.  Paul.) 

This  agrees  at  Jamestown  with  tbe  Northern  Paciflo  Railroad  and  at  La  Moure  and 
Valley  Junction  with  the  Fargo  and  Southwestern  Railroad. 


Above  the 


980 

1470 

104-1 

15-22 

108-9 

1553 

109-4 

1568 

Jamestown,  Jnnction  witb  tbe  Northern  Pacific  Kailroad, 
345.5  miles  from  Dnlnth 

James  River,  first  crossing,  bed,  1,361 ;  grade 

Summit,  natural  surface  and  grade 

James  River,  second  crossing,  bed,  1  ,:{50 ;  grade 

Summit,  natural  surface  and  grade 

Ypsilanti 

Gravel  pit,  grade 

James  Ri ver,  tb i rd  crossi  ng,  bed ,  1 ,342 ;  grade 

Sam  \  fourth  crossing,  bed,  1,334 ;  grade 

Montpolier 

Line  between  Stutsman  and  La  Moure  Counties,  natural 
surface  and  grade 

Adrian 

James  River,  fifth  crossing,  bed.  1,315;  grade 

Dickey 

James  River,  sixth  crossing,  bed,  1,305 ;  grade 

Same,  seventh  crossing,  ben,  1 ,298 ;  grade 

Grand  Rapids 

James  River,  eighth  crossing,  bed,  1,'^3 ;  grade 

Same,  ninth  crossing,  bed,  1,290;  grade 

West  La  Moure 

James  River,  tenth  crnssiug,  bed,  1  ,'2e9 ;  grade 

La  Moure,  junction  with  Fargo  and  Southwestern  R.  R. 

Valley  Junction,  Fargo  and  Southwestern  R.  R 

Glover 

Bear  Creek,  bed,  1,287 ;  grade 

Oakcs,  counection  with  the  Chicago  and  Northwestern 
Railway 

>■'    I  ■    i  ■  I      I        ■       "I  i        I  I 


From  James- 
town. 


MiUt. 

0-0 

5-3 

6-7 

9-8 

12-2 

12-8 

131-13-4 

14-0 

18-1 

18-9 

23-9 
26-2 
30-1 
32-5 
35-8 
39-2 
41-1 
45-6 
47-5 
48-1 
48-3 
48-7 
54-0 
61-7 
67-6 

691 


Above  tixe  sea. 


F9U. 


1408 
1379 
1403 
1370 
1388 
1381 
1375 
1364 
1357 
1358 

1352 
1355 
1336 
1360 
1327 
1320 
1321 
1310 
1307 
1305 
1307 
1307 
1403 
1373 
1303 

1313 


onuM.] 
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NORTfiERN  PACIFIC  RAILROAD  SYSTEM -Contiaaed. 

8AKB0RN.  COOPSR8T0WK  AND  TTTRTLB  MOUNTAIK  RAILBOAD. 

(Openled  by  Northern  Paoiflo  Railroad  Company.) 
(From  profile  in  the  offiee  of  S»  D.  Hason,  engineer,  St  PaoL] 

With  additioQ  of  2  feet,  as  ou  the  Northern  Pacific  Railroad. 


Saobom,  janction  with  Northern  Pacific  Railroad,  322*0 

miles  from  Daluth 

Odell   


Dasey 

Hanoaford 

CoopefBtovm. 


Above  the  sea. 


FIbO. 


1444 
1426 
1433 
1382 
1428 


JAMSSTOWN  AND  NORTHERN  RAILROAD. 

(Operated  by  Northern  Paciflo  Railroad  Company.) 
[From  profile  in  the  office  of  S.  D.  Mavon,  engineer,  St.  PaoL] 

With  tddition  of  2  feet^  as  on  the  Northern  Pacific  Railroad.    It  agrees  at  Devil's 
Lake  with  the  St.  Paul,  Minneapolis  and  Manitoba  Railway. 


JBDction  with  Northern  Pacific  Railroad  1  mile  west  of 
Jamestown,  346*5  miles  ftom  Dalnth 

Pipettem  Creek,  bed,  1«388;  grade 

Sune,  bed,  1,394;  grade 

Pwkhurst 

Bothaoan , 

PiDgree 

Edmonds --- 

ll«lYiUe 

Carriiigton 

JoQction  of  branch  to  Sykeston 

Birlow 

I^ewRockford 

Ju&esRiyer, bed.  1,499;  water,l,502;  grade 

Saoimit,  natnral  surface  and  grade  the  same 

8h«yenne 

Sbeye nne  River,  bed,  1,409 ;  water,  1,410 ;  grade 

Oberon 

Fort  Tottcn  Station 

jjionewaukan 

gevll'sLake,  water  Aug.  10, 1887 

°^e,  lowest  and  highest  stages  during  years  1880  to 
1889 , 

BBAHCH  TO  BYKUrrON. 

jQoction  with  the  preceding,  near  Carrington , 

^Pestem  Creek,  bed,  1,&62;  water,  1,56:^ ;  grade 

Sykesion 


From  Jamea* 
town. 

Above  the  aea. 

ifOM. 

Feet, 

1-0 

1399 

1-6 

1405 

2-6 

1410 

6-5 

1602 

13-5 

1548 

211 

1550 

27-6 

1597 

34-5 

1603 

43-5 

1584 

44-0 

1586 

50*8 

1545 

59-5 

1531 

600 

1516 

66*0 

1611 

70*6 

1480 

72*1 

1423 

79-3 

1559 

83*2 

1566 

90*1 

1461 

90*1 

1431-5 

901 

1430-1434 

44*0 

1586 

50*0 

1582 

50*5 

VJ91 

570 

1628 
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NORTHERN  PACIFJC  RAILROAD  SYSTEM- Cou tinned. 
ROCKT  MOITNTAIN  RAILROAD  OF  MONTANA 

(To  THB  TBLLOWBTONK  NATIONAL  PAHK.) 

[KOTC— TbU  and  the  following  lines  are  operated  by  the  Northern  Pacific  Railroad  Company,  and 
are  copied  from  profiles  in  the  o£Dce  of  S.  D.  Mason,  engineer,  St.  Paul.  Two  feet  are  added  oniiormly 
to  them  all,  as  on  the  Northern  Paoific  Railroad.] 


Livingston  Junction  with  the  North/3m  Pacific  Railroatl, 

1,008-2  miles  from  Dolath 

Brisbin ^m... 

Trail  Creek  Station 

Chicory 

Emigrant 

Dailey's 

Sphinx 

Cinnabar  


From  Living- 
ston. 


Above  the  sea. 


JVef. 


4487 
4682 
4822 
4847 
4862 
4915 
5072 
5172 


HELENA  AND  JEFFERSON  COUNTY  RAILROAD. 


Prickly  Pear  Junction,  with  Northern  Pacific  Railroad, 
1,126-3  miles  from  Dulnth 

Clancy 

Jefferson  Junction^  with  Helena,  Bonlder  Valley  and 
Butte  Railroad 

Jeiferson 

Corbin 

Wickes 


From  Prickly 
Pear  Junction. 


MUm. 


0-0 
9-7 

15-2 
15-5 
17-3 
200 


Above  the  sea. 


Ft€t, 


3889 
4317 

4515 
4537 
4752 
5152 


HELENA,  BOULDER  VALLEY  AND  BUTTE  RAILROAD  (BRANCH  FROM  THE  LAST). 


Jefferson  Junction 

Hodgson 

Boulder  Pass,  Bnmmit,  5,715;  grade  in  tunnel  (192  feet 

long) 

Boulder  City 

Cataract 

Calvin 


From  Jeflfurson 
Junction. 


ifa«t. 


00 
30 

8-6 
17  0 
24-6 
30-0 


Above  the 


Ftti. 


4515 

4858 

5662 
4920 
5274 


HELENA  AND  RED  MOUNTAIN  RAILROAD. 


Helena,  1,131*2  miles  from  Duluth 

Red  Mountain  Junction,  with  Northern  Pacific  Railroad. 

Kessler's 

Thermal  Springs 

Gold  Bar 

Moose  Creek  Station 

Rimini 


From  Helena. 


Above  the  sea. 


0-0 

1-9 

3-2 

4-7 

110 

141 

16.9 


Feet. 


3932 
3909 
:^'J0 
4027 
4490 

48:n 

5183 


tTHAll.l 


At^D   THE   ROCKY   MOUNTAINS. 
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NORTHERN  PACIFIC  RAILUOAD  SYSTEM-Continued. 
HELENA  AND  NOrvTUERN  KAILROAD. 


Clongh  Junction,  with  Northern  Pacific  Railroad,  l,H0'6 

mileafrom  Daluth 

Cmae 

MarysTitle 


From  Clough 
Junction. 


Above  the  sea. 


0  0 
•0-4 
li-4 


DRUMMOND  AND  PHILLIPSBURO  RAILROAD. 


Drammond,  juuction  with   Northern  Pacific  Railroad, 

1,202-7  miles  from  Daluth 

New  Chicago 

Stone 

Flint 

Phillipsborg 


From 
Drumuioud. 


MiUn. 


00 

2-9 

12-3 

15-7 : 

25-8 


MISSOULA  AND  BITTER  ROOT  VALLEY  RAILROAD. 


Misaonla,  junction  with  Northern  Pacific  Railroad,  1,255*5 

fuiles  from  Du loth 

MisfioQla  River,  low  w a ter,  3, 159 ;  grade 

Bitter  Root  River,  low  water,  3,112 ;  grade 

LonLon  ^. 

Florence 

Stevenaville 

Victor 

ConraUis 


From  Missoula. 


MiU9. 


0-0 
0-5 
4-4 
110 
20-0 
27-7 
35-5 
44-0 


Feet. 


4  U5 
4r>rtr> 


Aborc  tbo  sea. 


Feet. 


3945 
4037 
4539 
48 14 
5167 


Above  the  sea. 


FeeL 


3197 
3178 
3132 
3175 
3249 
3299 
3391 
3474 


CANADIAN  PACIFIC  RAILWAY  SYSTEM. 

A  published  profile  of  this  railway  ^ives  the  elevation  of  Lake  Superior  as  598  feet 
«H>ve  tbesea,  while  on  the  profiles  m  the  engineers'  offices  it  is  sbowu  ns  GOO  feet. 
Attorning  the  mean  of  these  figures  to  represent  the  mean  lakt)  level,  a  uuiforui  addi- 
tion of  3  feet  is  here  made  to  the  eastern  part  of  the  profile,  exteudiug  from  Port 
Arthnr  to  Eagle  River  Station,  to  accord  approximately  with  the  mean  elevation  of 

^KeSaperior,  (301*56  feet,  determined  by  the  engineers  of  the  United  States  Laka 
oDr?ey. 

ybe  profile  shows  a  discrepancy  of  8  feet  close  west  of  Eagle  River  Station,  2^)2 
^>'«fl  west  of  Port  Arthur,  on  account  of  which  its  elevations  thence  west  to  CroHs 
we  require  a  substraction  of  5  feet,  which  is  here  made,  to  agree  with  the  fore- 
piQg.  Again  at  Cross  Lake,  334*4  miles  west  of  Port  Arthur,  u  discrcpaucy  of  5  feet 
to  be  added  is  found  in  the  profile,  so  that  its  original  elevations  thence  west  to  tbo 
'^  Hiver  and  south  to  Emerson  are  here  copied  without  change,  being  in  accord 
'^lir  *^®  corrected  profile  on  the  east. 

f^.  ^^^^  lin^  from  East  Selkirk  to  the  junction  of  the  Emerson  branch,  closo  east 
^"^innipeg,  and  this  branch,  extending  from  St.  Bonifoce  to  the  international 
^Qdary,  are  supplied  by  Collingwood  Schreiber,  chief  eneineei  and  general  man- 
*S^^of  the  Canadian  government  railways,  and  are  on  the  same  system  of  leveling 
™i  the  main  line  from  Port  Arthur  to  East  Selkirk,  which,  however,  is  subject  to 
HMiilight  adjustments  mentioned.  This  whole  series  thus  adjustetl  is  surely  correct 
^jthin  very  close  approximatidn,  as  is  shown  by  its  exact  agreeniuut  at  Emerson 
^>t1i  the  St.  Paul,  Minneapolis  and  Manitoba  Railway,  and  with  leveling  by  the 
United  States  Engineer  Corps  along  the  Red  River  of  tbe  North. 
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Two  smalloT  diacrepaucies  also  appear  in  this  profile,  bat  are  hero  neglected.  At 
117  miles  from  Port  Arthur  (close  west  of  Scott's  River ),  and  thence  west,  a  snbtrac- 
tion  of  2  feet  is  indicated ;  and  at  256*5  miles  (close  west  of  Parry  wood),  and  thence 
west,  a  BDbtraction  of  1  foot.  If  those  were  taken  into  accoaut  the  west  part  of  this 
proiile  would  be  lowered  3  feet ;  but  it  seems  more  probable  that  it  should  agree  with 
the  elevation  of  Emersou,  determined  by  surveys  iu  the  Unit*  d  States. 

A  large  discrepancy  is  found  between  thiseastern  system  of  leveling  and  that  which 
begins  at  Winnipeg  and  extends  west  to  the  Rocky  Mountains.  The  latter  includes 
the  branches  west  of  the  Red  River  at  Winnipeg  aud  westward,  also  the  Manitoba 
and  Northwestern  Railway  and  its  branches,  which  refer  their  elevations  to  that  of 
the  Canadian  Pacific  profile  at  Portage  la  Prairie.  The  system  east  of  the  Red  River 
is  reliable,  as  already  stated;  and  leveling  from  St.  Boniface  Station  (754)  to  tbe 
Louise  Bridge  (752,  instead  of  728  on  the  profile  extending  westward)  shows  that  the 
system  west  of  the  Red  River  requires  a  uniform  addition  of  24  feet,  which  is  here 
made  in  these  lists  of  altitudes  at  Winnipeg  and  thence  west.  With  this  contsction, 
tbe  Southwestern  branch  from  Winnipeg  to  Gretna  agrees  with  tbe  St.  Paul,  Minne- 
apolis aud  Manitoba  Railway  at  the  int^-rnational  boundary ;  the  survey  from  this 
branch  at  Rosenfeld  to  Emerson  agrees  with  the  Eniersou  branch ;  and  the  West  Sel- 
kirk branch  agrees  with  the  mainline  east  of  the  Red  River. 


MAIN  LINE,  FROM  PORT  ARTHUR  TO  WIKNIPEO. 

[Between  Port  Arthur  and  East  Selkirk,  from  profiles  in  the  offices  of  P.  A.  Peterson,  ensinear. 
Montreal,  and  R.  M.  Pratt,  enKineer,  WinuipefE ;  and  between  East  Selkirk  and  Winnipeg  from  Coll- 
logwood  Schreiber,  engineer  or  GoYomment  railways,  Ottawa.] 


From  Port 
Arthar. 


Lake  Superior,  mean,  1871-1887 

Port  Arthur  (a  summit  of  grade),  993*0  miles  from  Mon- 
treal  

Molntyre  or  Second  River,  wat^r,  603 ;  grade 

Neebing  or  First  River,  water,  603 ;  grade 

Fort  William 

(Kaministiquia  River  here,  1-^  miles  above  its  month, 
bed, 586;  low  water  (1879), 600;  high  water (1859), 
612.) 

Fort  William  West  (station  disused) 

(Kaministiquia  River  here,  bed,  584 ;  low  and  high 
water,  00*2-614.) 

Murillo 

Summit, graile  {2  feet  above  natural  surface) 

Lofoden 

Depression, tilling  7  feet;  grade 

Summit,  cutting  2  feet ;  grade 

Strawberry  Creole,  bed,  987  ;   low  and  high  water, 990- 

993;  grade 

Kamiuistiquia 

Kaministiquia  River,  bed,  973;  low  and  high  water,  982- 

996;  grade ■. ^ 

Mattawan  River,  bed,  1,078 ;  low  and  high  water,  1,082- 

1,089 ;  grade  

Sunshine  Creek,  first  crossing,  bed,  1,106;   low  and  high 

water,  1,109-1,113;  grade 

Same,  third  crossing,   lied,  1,151;  low  and   high  water, 

l,158-l,16i;  grade 

Finmark 

Sunshine  Creek,  bed,  1,3:10;  water,  1,334 ;  grade 

Buda  (a  Hummit,  natural  surface  and  grade  the  same)  . . 

Oskondiga  River,  bed,  1,415;  water,  1,421 ;  grade 

Tunnel,  grade,  51  feet  below  top  of  rock  above 

Oskondiga  River,  bed,  1,426 ;  water,  1,428 ;  grade 

Nordland 

Summit,  natural  surface  and  grade 

Southeast  branch  of  Savanne  River,  bed,  1544 ;  water, 

1545 ;  grade 

Same,  bed,  1,537  ;  water,  1,538  ;  grade 

Linkooping , 


M%U$. 


0-0 

00 
6-0 
6-2 
7-0 


10-0 


Above  the  sea. 


Feet. 
601.56 

CCSO 

610 
610 
615 


635 


17-6 

947 

20-6 

1080 

20-8 

1078 

218 

1055 

22-3 

1081 

27-3 

1002 

27  9 

1013 

28-2 

1013 

32-4 

1099 

33-9 

112:2 

35*5 

1168 

371 

1180 

41-3 

1352 

44-4 

1473 

45-3 

1453 

4G-1 

1458 

52-2 

1441 

55*5 

1543 

57-8 

1584 

59-9 

1554 

620 

1546 

65-2 

1534 

orBiii.1 
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CANADIAN  PACIFIC  RAILWAY  SYSTEM— Continued. 
MAIN  LIN£.  FBOM  PORT  ABTHUR  TO  ^  INNIPEG— Contiiined. 


Sayanne 

North  branch  of  Savanue  River,  bed,  1,487 ;  water,  1,489 ; 

grade ■ 

Upeala , 

Carlstad 

Fire-Bteel  River,  bed,  1500 ;  water,  1,«^.05 ;  grade 

Beaver  River,  bed,  1,519 :  water,  1,525 ;  grade 

Bridge  River  Station 

Hawk  Lake,  water,  1,509 ;  grade 

Euglish  River,  bed,  1,504  ;  water,  1,510 ;  grade 

English  River  Station 

Scott's  River,  bed ,  1,505 ;  water,  1,511 ;  grade 

Summit, cutting  11  feet;  grade 

Martin 

Depression,  grade 

Bominit,  grade 

Bonhenr 

Bummit,  grade 

South  LalLe,  water.  1,495;  grade 

Depression,  grade 

GoU  River,  Md,  1,456 ;  grade 

Paleon 

Abgimae  River, bed,  1,470;  grade  

Ignaoe 

Onqiiau  River,  bed,  1,^)98;  grade 

Batler 

Little  Wabigoon  River,  bed,  1.398;  grade 

OleucoeRiver,  bed,  1,398;  grade 

Baloigh ... 

Little  Wabigoou  River,  bed,  1,350;  grade 

Tieh6 


From  Port 
Arthur. 


Above  the  aea. 


Burnt  Stick  Creek,  bed,  1,314 ;  grade 
Kirkpatrick  Creek,  bed,  1,320;  grade 
Bear  Creek,  bed,  1,333;  grade 

BrQl6 


^cHo^h's  Creek,  be<l,  1,207 ;  grade  . . 

Summit,  grade 

Hughes  River,  bed,  1,198 ;  grade 

Wabigoon 

Blaekwater  Creek,  bed,  1,*200 ;  grade 
ThuDder  Creek,  bed,  I, '-{05 ;  grade  . . . 
BareUj 


^immit, cutting  10  feet;  grade 

y*bigoon  Ri  ver,  bed.  1 ,  178 ;  grade . . . 
Shosthogawae  River,  bed,  1,151;  grade 

Oxdrift 


J«»ver  River,  first  crossing,  bed,  1,129;  grade 

^ame,  second  crossing,  bed,  1, 125 ;  grade 

I^nie,  third  crossing,  bed,  1, 123 ;  graile 

«gle  River  Station 

J»gle  River,  bed,  1,148;  grade 

8«niruit,  cutting  7  feet ;  grade 

Vermilion  Bay  Station 

waw  Creek,  bed,  1,183;  grade 

^le  Lake,  water,  about  1, 182 ;  grade 

wl»»ert 


^oakrat  Lake,  water,  about  1, 174 ;  grade 

Summit,  natural  surface  and  grade 

"wrywood  - 

|tewart  Lake,  wat«r,  1,303;  grade 

oQmmit  near  Foiest  Lake,  natural  surface  and  grade 
Outlet  of  Swan  Lake,  bed,  1,332;  grade 


MUes. 

Fe€L 

75-8 

1506 

7.) -4 

ir.06 

86-2 

1579 

93-6 

1515 

98-5 

1513 

102-2 

1532 

1036 

1543 

113-6 

1518 

115-2 

1515 

1160 

1517 

116-6 

1516 

12:j-6 

1558 

124  0 

1557 

127-4 

1483 

131-6 

1549 

1340 

1530 

i:J6-4 

1554 

138-3 

1510 

139  7 

1478 

143-7 

1490 

144-8 

1509 

151-3 

1490 

152-3 

1487 

158-7 

1420 

160-5 

1423 

165-7 

1408 

167-0 

1405 

170-4 

1440 

l-:0  0 

1366 

180-2 

13(56 

182-5 

1347 

183-9 

1352 

186-6 

134H 

190  4 

1355 

198-6 

1-235 

200-4-200  8 

1-255 

-202-2 

1211 

202-6 

1211 

204-5 

1211 

206- 1 

1225 

209-8 

1-251 

211-5 

1267 

215-4 

1219 

•220-8 

1159 

2-21-8 

1162 

225-8 

1149 

226-4 

1139 

2-29-4 

1153 

2:u-8 

1186 

23-2-2 

1190 

234-9 

1278 

242-0 

1221 

242-5 

1213 

24t)-9 

1210 

249-8 

1217 

251-0 

1206 

255-4 

1295 

256-3 

1-292 

258-3 

1328 

259-8 

13S2 

260-8 

1302 
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CANADIAN  TACIFIC  RAILWAY  SYSTEM— Continiiol. 
MAIN  LINE,  FROM  PORT  ARTHUR  TO  WINNIPECi-Continned. 


Parry  wood  Lake,  water,  about  l,36*i ;  grade  (a  summit).. 

Outlet  of  Ulverston  Lake,  bed ,  1,318 ;  grade 

Mud  Lake,  water,  l,:^28;  grade 

Feist  Lake,  water,  l,32t> ;  gnule 

Turtle  Lake,  water,  1,3(16;  grade 

Summit  Station, cutiiug  ucar,  10  feet;  grade 

Summit  Lake,  water,  1,:>!4  ;  gra<le 

Clare  Lake,  water,  1,*2H4  ;  grade 

Viaduct  Lake,  water,  !yt^4G;  grade 

Hawk  Lake  Statiou 

Outlet  of  Niirrow  Lake,  be«l,  1,220 ;  grade 

Trout  Lake  Creek,  bed,  1,213;  grade 

Beaver  (depression  of  grade  near  Beaver  Dam  Lake) 

Rossland - 

Rat  Portage 

Winnipeg  River,  outlet  of  the  Lake  of  the  Woods,  low 
water,  at  same  levtl  with  this  lake,  1,057  ;  grade 

Lake  of  the  Woods,  mean,  1,060;  low  and  high  water 

(Dr.  A.  C.  Lawson  states  that  this  lake  **  has  a  rise 
and  fall  through  a  range  of  10  feet." — Geol.  Survey 
of  Canada,  Ann.  Rep.,  1885,  p.  18  CC.) 

Keewatin 

Winnipeg  Bay,  water,  1,043;  grade 

Mink  Bay,  water,  1,043 ;  grade 


From  Port 
Arthur. 


Winnipeg  Bay,  water,  1,043;  gnule 

War  Eagle  Lake,  water,  1,082;  grade 

Ostersund ^ 

Summit,  cutting  33  feet ;  grade : 

Lake  Bobo  or  Helen,  water,  1,138  ;  grade 

Lake  Deception,  water,  1,094 ;  grade 

Deception 

Bear  or  Greenwater  Lake,  grade 

Summit,  at* west  end  of  a  cut  35  feet  deep ;  grade 

Monument  Lake,  grade 

Red  Pine  Lake,  grade 

Fellows  Lake,  water,  1,235 ;  grade  (11  feet  lower  than  the 

lake) 

Kahuar 

Summit  Lake,  water.  1,252 ;  grade 

Kennedy  Lake,  water,  ^,245 ;  grade  (2  feet  lower  than 

the  lake) 

White  Fish  Lake,  water,  1,213 ;  grade 

Summit, 30  rods  west  from  the  center  of  a  cut  33  feet 

deep;  grade 


Ingulf 

Summit, cutting  IW  feet;  grade 

Cross  Lake  Station,  water,  1,045 ;  grade 

Depression,  grade 

Telford 

Summit,  grade,  2  feet  above  the  natural  surface 

For  2^  miles  east  and  1  mile  west  the  surface  is  very 
smooth 

River  Brenton,  water,  1,041  ;  grade 

Reunie 

Bog  River,  water,  996 ;  grade 

Same,  water,  993 ;  grade 

Darwin 

(Westward  to  the  R«d  River  the  country  is  mostly 
swamp,  bearing  alders  and  tamaracks.  The  swamp 
is  underlaid  by  a  hard  bottom  at  depths  varying 
commonly  from  5  to  15  feet.) 

Bog  River,  water,  927 ;  grade 


348-7 
3490 
354-7 
356-2 
359-4 


Above  the 


Mile*.  -     i 

262- 1  ; 

262-9 
263-3 
264-3 
265-1 
265-4 
265-6 
270-3 
271-6 
272  9 
2751 
280  6 
284  1 
288-9 
297-3 

2981 
298-1 


300-8 

301-6 

302-4 

303-7 

305-8 

308-3 

311 

312 

313 

313 


4 
7 
1 
4 

315-2 
315-7 
318-3 
319-2 

319.7 
3520-4 
3-<W-l 

323-1 
3-23-8 

3-25-8 
328-2 
328-9 
;>34-4 
336  2 

3:w-5 

342-3 


364-0 


Fett. 

1:^9 
1364 
1355 
1347 
1376 
1385 
1385 
1295 
1282 
1289 
1256 
1248 
1186 
1128 
1U87 

1087 
1057-1003 


1075 
1062 
1070 
1078 
11-21 
1105 
1187 
1151 
114.3 
li:)6 
1192 
1218 
1218 
1226 

1224 
1217 
1255 

1243 
1243 

1221 
1184 
1190 
1092 
10.^i3 
1(»59 
1115 

1105-1113 

1050 

1053 

1007 

996 

971 


935 
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CANADIAN  PACIFIC  RAILWAY  SYSTEM--Coutinucd. 
MAIN  LINE,  FKOH  POBT  ABTHUR  TO  WINNIPEG— Conlinaed. 


Wbitemoath  River,  water,  877;  grade. 

Whiteuoath 

Bearer  Creek,  water,  H85:  grade 

Sicily 


Monmoath 

Bear  Creek,  water,  820 ;  grade 

Broken  Head  River,  water,  784 ;  grade 

Beaaaejoiir 

Tyiidall 

DeviFs  Creek,  water, 770;  grade 

East  Selkirk 

(Red  River  at  West  Selkirk,  2  miles  west  from  East 
Selkirk,  *<ice,  1876"  (probably  2  or  3  feet  above 
extreme  low  water),  712 ;  flood  of  1876,  723;  flood 
of  1875,  725;  extreme  high  water,  flood  of  1826, 
732.  The  railway  at  East  Selkirk  tarns  south- 
ward, leaving  the  line  of  its  original  survey,  which 
crossed  the  Red  River  here.) 

Extreme  range  in  height  of  river 

Lake  Winnipeg,  mean,  710;  low  and  high  water,  ap- 
proximately   

Cook's  Creek,  water 

Conor 

Bird's  Hill  Station 

Winnipeg  Junction,  Emerson  Branch 

Bed  River,  extreme  low  water,  723;  highest  water  in 
ordinary  years,  735-740 ;  high  water,  1^,  749 ;  grade, 
Loaise  Bridge 

Winnipeg 


From  Port 
Arthur. 


Mile* 
3681 
368-9 
369*8 
374-9 
384-9 
387-4 
3911 
394-3 
400-9 
402-3 
408-9 


4110 


Above  the  sea. 


Feet. 


900 
907 
904 
929 
879 
831 
796 
814 
796 
777 
743 


710-732 

708-713 
728 
757 
759 
752 


752 
757 


MAIN  LINE.  FROM  WINNIPEG  TO  THE  ROCKY  MOUNTAINS  AND  DONALD. 

(From  profilo  in  the  ofBce  of  R.  M.  Pratt,  engineer,  Winnipeg.    This  profile  was  cur«f  iilly  roviHed  after 
the  construction  of  the  road,  and  seems  entitled  to  entire  coufldencn.  j 

With  antform  addition  of  24  feet  (page  40). 


Winnipeg,  1,422-8  miles  from  Montreal 

JoDctionof  Southwestern  Branch 

jQ&etion  of  Manitoba  and  Southwestern  Railway 

Janction  of  West  Selkirk  Branch 

'^WDt  of  beginning  of  the  original  profile  (at  0  of  dis- 
tances Dieasnred  thence  westward) 

A'f  Line  Junction,  of  Stonewall  Branch 

tolony  Creek,  water,  769;  grade 

°*«n«,  water,  772;  grade 

JjnctioQof  Winnipeg  and  Hudson  Bay  Railway 

S^rgen 


lows , 

*»'quetus 

{M»bura  

^DR  Lake,  ordinary  low  and  high  water,  798-803 ;  grside 

^<>PlarPoiut 

g»gh  Bluff 

^orttge  bi  Prairie,  junction  of  the  Manitoba  and  North- 
^esteru  Railway 


From  Winni- 
peg. 


Mae*. 


00 
11 
1-2 
1-5 

1-8 

1-9 

3-3 

4-0 

4-7 

7-4 

15-2 

22-3 

28-9 

35-2 

35-7 

40-4 

48-7 

56-0 


Above  the 


FetL 


757 
760 
760 
759 

761 
761 
776 
780 
780 
784 
796 
793 
807 
806 
804 
815 
829 

85^ 


/ 
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CANADIAN  PACIFIC  RAILWAY  SYSTEM-Con tinned 
MAIN  UNB,  FROM  WUTNIPBO  TO  THE  SOCKT  MOUNTAINS  AND  DONALD-Coni 


Dry  Creek,  bed,  868;  grade 

Bnmside 

Rat  Creek,  water,  862 ;  grade 

Bagot 

Image  Creek,  water,  939 ;  grade 

McGregor 

Austin 

Lower  Campbell  (6)  Beach  of  Lake  Aiifassiz,  creat,  1,066; 
grade 

Upper  Campbell  (oa)  Beacb,  crest,  1,061 ;  grade 

Upper  Campbell  (a)  Beach,  crest.  1,087 ;  grade 

(These  beach  ridges  are  each  abont  30  rods  wide, 
with  descents  of  10  to  20  feet  from  their  crests  to 
their  east  bases  and  half  as  much  to  the  west. 
A  very  uneven  profile,  intersected  by  nameroas  ra- 
vines, extends  from  89*3  to  92  miles,  in  which  dis- 
tance the  grade  rises  upon  the  front  of  the  Assini- 
boine  Delta  of  Lake  Agassiz  from  1,124  to  1,232 
feet.) 

Sydney 

(It  is  again  very  uneven  from  93*7  to  95*9  miles,  in 
which  distance  the  grade  ranges  from  1,234  to 
1,251  feet,  crossing  low  dunes  on  the  delta  plain. 
Here  and  westward  the  profile  shows  frequent 
lakelets,  but  no  names  of  them  are  given.) 

Melbourne 

PineCreek,  water,  1,199;  grade 

(Uneven  Hiirface  of  low  dunes  extends  from  101*1  to 
102*7  miles,  the  grade  ranging  from  1,244  to  1,257 
feet.) 

Carberry 

Herman  (dd)  Beach  of  Lake  Agassiz,  crest,  1,263 ;  grade.. 

Herman  (d)  Beach,  crest,  1,268 ;  grade 

(Each  of  these  beach  ridges  is  about  25  rods  wide, 
with  crest  about  5  feet  above  the  adjoining  land; 
but  west  of  the  west  bench  (d)  is  a  depression  of 
10  to  12  feet,  about  50  rods  wide,  succeeded  farther 
west  by  land  slightly — only  a  few  feet—above 
these  beaches. 
Very  uneven  contour  of  dune  sand  reaches  from 
110*2  miles  (grade,  1,274)  to  112*7  miles  (grade, 
1,249.) 

Sewell , 

(Two  slight  summits  of  grade,  probably  crests  of  the 
Herman  (d)  Beach,  natural  surface  and  grade  the 
same  (1,268  feet),  are  crossed  at  116*3  and  116*8 
miles.) 

Douglas 

Chater 

Assiniboine  River,  water,  1,161 ;  grade 

Brandon 

Kemnay 

Alexander 

Griswold 

Flat  Creek,  water,  1,376;  grade 

Oak  Lake  Station 

Gopher  Creek,  water,  1,404 ;  grade 

Virden 

Hargrave 

Elkbom 

Fleming , 

Moosouiiu 

Red  Jacket 


From  Winni- 
peg- 


JTOm. 
63-4 
63*5 
651 
71*1 
75*6 
77*6 
84*5 


86.9 
87*2 

87*5 


92*6 


98*0 
99*7 


105*5 
107*6 
108*9 


114*2 


121*5 
127*2 
1310 
l;{2-7 
140*9 
148*4 
157*4 
16*2*4 
164*7 
178-9 
1800 
188*1 
196*6 
210*8 
2191 
226*4 


Above  t 


Fu 
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CANADIAN  PACIFIC  RAILWAY  SYSTEM— Continued. 
MAIVUKS,  FBOM  WINNIPEG  TO  THE  ROCKY  MOUNTAINS  AND  DONALD-Continaed. 


Wapella 

Bnirows 

Wbitewood 

Pereiyal 

Sommit,  grade 

Broadyiew 

Oikshela 

Grenfell 

Sammerburry 

Wolaeley 

8intaiata 

lodiauHead 

(Ju*  Appelle 

MeLean 

8ammit,  grade 

Balgonie 

PitotBatte 

Ref^a,Janction  of  the  Regina  and  Long  Lake  Railway 

Pile  of  Bones  Creek  ( Wascana  River),  grade 

OrandCoolte  Station 

GnmdCoulfe  (creek),  grade 

Penee 

BellePUine 

PiBqna 

Moose  Jaw  Creek,  grade ^ 

Hoow  Jaw 

Bohftrm 

CUOQ  ,...,,  ....  ....  ....  ....  ......  ,  ....  ....  ....  ....  ... 

Mortlach 

Pwkbeg 

Sommit,  grade 

Secretan  (on  the  Missoori  Cotean) 

Chaplin 

Emfold 

Somniit,  grade 

Mowe 

Herbert 

Somrait,  grade 

Rwh  Lake  Station 

Mininit,  grade 

Waldec.f. 

Aiken's 

Swift  Carrent  Creek,  grade 

f*ift  Corrent  Station 

wven 

G««e  Lake  Station ^ 

JJjnmit.grade 

^reeaioQ,  grade 

™»oimit,griae 

Antelope 

woJl  Lake  Station 

jmeaa 

oWewood 

5^ne Lake  Station .1.."". ....'".."'.!. 

fe;^«'*^^---;::: :";::::—; 

gammii;  gr^de 

JJ»ple  Creek  Station 

"•pie  Creek,  grade 

Kincarth 

gj'nimifc,  grade 

f«tti 

Wilek 


From  Winni- 
peg- 


Above  the  eea. 


MUe: 
235-2 
242-8 
249-2 
2562 
257-9 
263-8 
272-0 
279-9 
287-4 
295-1 
303-9 
3141 
323-8 
332-4 
334-3 
341-5 
348-0 
356-(> 
358-6 
3661 
368-7 
373-5 
381-3 
390-2 
31)81 
398  3 
406-5 
414-5 
423  6 
432-8 
442-9 
443-2 
452-0 
461-4 
464-2 
471-8 
480-6 
485-2 
489-3 
495-4 
496-7 
604-8 
509-7 
510-6 
•  019-6 
528-9 
532-3 
533-7 
535-5 
538-5 
546-3 
554-8 
565-4 
575-5 
583-9 
585-9 
589-2 
596-7 
597-2 
605-9 
608-9 
615-5 


Ftet. 


1930 
1948 
1966 
2038 
2054 
1960 
1952 
1957 
1938 
1950 
1984 
1924 
2134 
2284 
2286 
2187 
2016 
1885 
1861 
1857 
1842 
1881 
1902 
1872 
1761 
1767 
1792 
1841 
1961 
1982 
2282 
2282 
2202 
2288 
2374 
2274 
2311 
2377 
2301 
2420 
2357 
2401 
2415 
2423 
2467 
2465 
2586 
2542 
2590 
2556 
2562 
2637 
2478 
2518 
2568 
2509 
2561 
2495 
2497 
2531 
2546 
2428 

MM 


I 
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CANADIAN  PACIFIC  RAILWAY  SYSTEM-Continued. 
MAIN  LINE.  FROM  WINNIPEG  TO  THE  ROCKY  MOUNTAJNS  AND  DONALD-Coi 


From  Winni- 
peg. 


Summit,  grade 

Irvine  

Diinmore,  junction  of  the  Northwest  Coal  and  Naviga- 
tion Com  pany^s  Rail  way 

Medicine  Hat 

Soath  Saskatcbewnn  River,  low  and  high  water,  2,137- 
2,154;  grade 

Stair.. :.r.    

Bowell 

Summit,,  grade 

Depression  at  tank,grade 

Suffield 

Langeyin  (a  summit  of  grade) , 

Kininvie 

Tllley 


Summit,  grade 

Bantry 

Tank,  4  miles  west  of  last 

Cassils 

Sonthesk 

Lathom 

Bassano 

Summit,  grade 

Crowfoot 

Summit,  a  half  mile  east  of  tank 

Crowfoot  Creek,  grade 

Cluny 

Gleichen 

Summit,  grade 

Naniaka 

Summit,  near  tank 

Strathmore 

Cheadlo 

Summit,  grade 

Laiigdon 

Summit.,  grade , 

Dupre-ssion,  grade 

Shepard 

Snminit,  grade 

Bow  River,  grade , 

Elbow  River,  water,3:?94;  grade 

Bow  River,  at  tbo  mouth  of  Elbow  River,  water , 

Calgary - 

Keitb 

Cochrane ,- 

Riuliior 

Morlev .   

Kanann.skis  River,  bed 

KananaHkiH 

The  Gap,  station 

Bow  River  here,  at  point  of  issue  from  the  mountains, 

water,  about 

Branch  of  Bow  River,  water 

Cau  more 

Bow  River,  water 

Dutbil 

DeviVs  Head  Creek,  water 

Anthracite , 

Banff  (new  station) 

Forty-Mile  Creek,  water 


Miles. 
636-4 
638-3 

662-8 
660-3 

660*6 

667-3 

6751 

675-7 

682-6 

6:56-6 

695-2 

704-1 

713-3 

719-3 

723-1 

727-1 

7331 

740-7 

748-9 

757-5 

764-4 

765-9 

768-4 

770-1 

776-5 

784-8 

790-0 

793-8 

796-2 

801-0 

800-4 

815-0 

819-b 

824-8 

828-2 

830-1 

a32-9 

836-8 

839-2 

839-2 

840-1 

849-4 

862-9 

873-1 

881-6 

892-0 

8941 

901-9 

901-9 
902-3 
907-2 
914-5 
914-8 
9161 
917-3 
9-218 
9i2-0 


Above 


Fe 


ITKAH.] 
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CANADIAN  PACIFIC  RAILWAY  SYSTEM— Con  tinned. 
MAIN  LINK.  PROtf  WINNIPBG  TO  THE  ROCKY  MOUNTAINS  AND  DONALl)--Coiitilia6d. 


Caseade 

Bow  Riyer,  water  . . 

CaBftlaMonntain,  station 
Eldon 


Baker's  Creek,  water 

LioD  Creek,  water,  4^949 ;  grade 
Laggan 


North  Branch  of  Bow  River,  water 

Skinth  Branch  of  Bow  River,  water 

Bath  Creek,  water 

Sammit  of  grade  crossing  the  Rocky  Mountains,  Wapta 

or  Kicking  Horse  Pass 

Stephen 

Sammit  Lake,  water 

Hector 


Kicking  Horse  Lake,  water 

Kicking  Horse  River,  first  crossing,  water. 

Mount  Stephen  tunnel ,  grade 

Field 


Haskeg  Summit,  grade 

Ottertail  Creek,  water,  3,746;  grade 

Ottcrtail 

Kicking  Horse  River,  water 

Leauchoil 

Sammit,  grade 

Kicking  Horse  River,  fonrth  crossing,  water. 
PalHw? .! 


From  Winni- 


Kicking  Horse  River,  sixth  crossing,  water,  2,666 ;  grade. 

Golden 

Colombia  River  here,  at  the  month  of  Kicking  Horse 

River,  water    '. 

Aim  of  Columbia  River,  water 

Moberly  House 

Blnpberry  Creek,  water 

DonaM , 

Cohmbia  River,  first  crossing,  g^nide 


MiUt. 
927-9 
934-2 
938-6 
946-3 
948-6 
954-2 
956-2 
956-2 
957-8 
961-3 


Above  the  sea. 


FuU 


4531 
4586 
4653 
4804 
4852 
4970 
5029 
5020 
5049 
5263 


962-2 

5323 

962-7 

5313 

962-7 

5308 

965-0 

5197 

965-0 

5190 

9(K)-2 

5184 

970-4 

4335 

973-2 

4058 

975-7 

4164 

978-4 

3856 

980  2 

3689 

981-4 

3665 

986-4 

3570 

988-6 

3669 

092-7 

3287 

994-2 

3275 

1003-5 

2682 

1006-7 

2570 

1006-7 

2557 

1008-7 

2538 

1013-4 

2537 

1016-7 

2544 

1023-6 

2565 

1024-4 

2544 

MAIN  LINK  THBOUOH  BRITISH  COLUMBIA,  FKOM  DONALD  TO  VANCOUVER. 

f^m  H.Abbott,  superintendent  of  the  Pacific  division,  Vancouver,  whose  figures, 
Inferred  to  the  level  of  the  Pacific  Ocean,  are  given  without  change  in  the  first  colnmn 
o' theae  elevations,  showing  at  Donald  a  discrepancy  of  39  feet  above  the  preceding 
^nes  from  Winnipeg,  Lake  Superior,  and  the  Atlantic.  In  the  second  column  these 
"gQTesare  revised  by  subtraction  of  39  feet  from  the  east  end  of  the  scries  for  agree- 
^Dtat  Donald;  by  comparison  with  a  profile  from  Donald  to  Sicamous,  supplied  by 
'•A. Peterson,  engineer,  Montreal,  which  indicates  that  this  correction  should  be 
rinliiced  to  30  feet  at  Glacier  House  and  onward,  and  to  20  feet  at  Twin  Butte  and 
onward;  and  by  comparison  with  elevations  supplied  by  Dr.  G.  M.  Dawson,  copied 
from  profiles  in  the  office  of  Colliugwood  Schreiber,  engineer  of  government  rail- 
^ajB, Ottawa,  which  seem  to  rcqnire  a  continnance  of  this  subtraction  of  20  feet  west 
to  Notch  Hill  and  Shuswap,  beyond  which  they  indicate  that  the  elevations  receive:! 
from  Mr.  Abbott  are  probably  correct.  This  line,  however,  needs  veri  fication  by  level- 
*^2  from  Donald  to  Lytton,  about  300  miles,  within  which  distance  the  discrepancy 
w  'i9  feet  noted  at  Donald  can  probably  be  eliminated.  At  Lytton,  and  through  the 
^luaining  distance  of  about  150  miles  to  Vanconver,  these  elevations  agree  with  those 
pQhiishea  by  Dr.  Dawson  in  advance  sheets  of  the  second  edition  of  Macfarlane's 
^°J*jc»n  Geological  Railway  Guide,  and  with  the  bine  print  condensed  profile  pre- 
P*'^  in  the  engineer's  office  of  this  railway,  Montreal, 
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CANADIAN  PACIFIC  RAILWAY  SYSTEM— Continued. 
MAIN  LINE  THROUGH  BRlriSH*  COLUMBIA.  FROM  DONALD  TO  VANCOUVER. 


Donald 

Bo  A  V6T 

Six-Mile  Creek  Station 

Bfiar  Creek  Station 

Rogers  Pass  Station 

Saminit  grade  in  Rogers  Pass,  crossing  the  Selkirk 

Mountains 

Glacier  House  Station 

Ross  Peak  siding 

nieoillewaet 

Albert  Canyon  Station 

Twin  Butte  Station 

Revelstoke  (at  the  second  crossing  of  the  Columbia 

River) 

Summit  grade  in  Eagle  Pass,   crossing  the  Gold 

range 

Clanwilliam 

Griffin  Lake  Station 

Craigellaohie 

Sicamons   Bridge,  crossing    narrows   of    Shuswap 

Lake,  1,173  (1,153) ;  Sicamons  Station 

Salmon  Arm 

Tappen  siding 

Notch  Hill  Station  (Shuswap  summit) 

Shuswap  

Duck's - 

Kamloops : 

Tranqnille 

Cherry  Creek  Station 

Savona's 

Penny's 

Ashcroft 

Spatsnm 

Spence's  Bridge  Station 

Drynook 

Lytton 

Cisco 

Reefer's 

North  Bend 

Spnzzum 

Yale 

Hope 

Ruby  Creok  Station 

Agassiz 

Harrison 

Nicomen 

Mission 

Whamock 

Hammond 

Port  Moody 

Hastings 

Vancouver,  2,904  '8  miles  from  Montreal 


From 

Above  the 

Wionipeg. 

sett  (Abbott). 

Jfitef. 

¥tH. 

1023-6 

2604 

1035-6 

2453 

10410 

263:^ 

10500 

3680 

10550 

42-^ 

1056*5 

4*366 

10590 

4102 

1065-5 

3471 

1074-5 

2740 

lOHlO 

2244 

10910 

1918 

11030 

1515 

11110 

1848 

1112-0 

1827 

11200 

1537 

1130-5 

1259 

Above  the 
sea  (re- 
vised). 


1147-0 

1171 

11660 

1175 

1173-5 

1168 

1183-0 

1708 

1198-5 

1173 

1214-5 

1150 

1231-5 

1153 

1239-5 

1134 

1245-5 

1134 

1256-5 

1158 

1262-5 

1252 

1276-5 

996 

1-291-5 

854 

1303-5 

768 

1309-5 

752 

1325-5 

687 

1:J31-5 

58 

1341-5 

o55 

1352-5 

487 

1367-5 

394 

1379-5 

217 

1393-5 

208 

1401-5 

94 

1411-5 

52 

1420-5 

38 

1429-5 

23 

1439-5 

33 

1449-5 

14 

1457-5 

19 

1469*5 

5 

14780 

22 

1482-0 

3 

2565 
2414 
2594 
3641 
4183 

4327 
4072 
3441 
2710 
2214 
1896 

1495 

1828 
1807 
1517 
1239 

1151 
1155 
1148 
16H8 
1153 


vnuJL] 
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CANADIAN  PACIFIC  RAILWAY  SYSTEM -Con  tinned.     - 

EMERSON  BRANCH. 
[From  Collin gwood  SchreilKr,  «D;;ineer  of  goTeniiDent  railways,  Ottawa.] 

Uagreefl  with  the  St.  Paul,  Miiiiienpoliti  aud  Manitoba  Railway  on  the  interna- 
tional boandary  (page  39). 


Wionipeg 

SnI  River,  grade  ou  Louise  Bridge 

WioDipeg  Janclion  (of  this  branch  with  the  main  line). 

8t.  Boniface,  429*6  mil68  from  Port  Arthur 

fiirer  Seine,  high  water 

8fi.Norbert 

Nirerrille 

Rat  River,  low  water,  752;  high  water 

Otterburne 

Dafrost 

Amaad 

Roeeau  River,  low  water,  761 ;  extreme  high  water,  1880. 

Dominion  City 

J(ie  River,  low  water^  756 ;  hig^  water 

£m«*rHon,  391*1  miles  ftom  St.  Pan! 

Grade  on  the  international  boundary,  connect  ion  with 
the  Stb  Paal,  Minneapolis  and  Manitoba  Railway 


From  Winni- 

Above  tbe 

sea. 

P«K- 

jroet. 

Feei 

f. 

00 

757 

0-8 

7'>2 

20 

752 

3-0 

754 

10-5 

760 

120 

767 

23-5 

774 

30  0 

763 

30-6 

779 

390 

791 

470 

794 

54-5 

779 

55-0 

785 

62-6 

7K> 

660 

790 

651 

790 

SOUTHWESTERN  BRANCH. 

(Fkvoi  B.  M.  Pratt)  engineer,  Winnipeg ;  and  west  of  Manitoa  in  part  from  profile  in  the  office  of  P.  A. 

Peterson,  engineer,  Montreal.] 

Tbe  profilo  requires  a  uniform  addition  of  24  feet  (page  40),  which  is  made 
bene.  It  agrees  near  Gietna  and  at  Emerson  with  lines  of  the  St.  Paul,  Minneapolis 
and  Manitoba  Railway  ou  the  international  boundary,  and  at  Thomhill  with  level- 
ing from  Park  River,  North  Dakota,  in  the  survey  of  the  beaches  of  Lake  Agassiz. 


Wiimipeg,  1,422*8  miles  from  Montreal 

Junction  of  this  branch  with  the  main  line 

St.  James 

Affsiniboine  River,  ordinary  low  and  high  water 

La  Salle  (or  Stinking)  River,  ordinary  low  aud  high 

w«ter 

La  Sails  Station 

Sc^ratchiog  River  (Riviere  anx  Gratias),  low  and  high 

water 

(Tbe  upper  part  of  this  stream,  above  the  marshes,  in 
wkicn  it  is  lost  in  T.  7,  Rs.  2,  3,  and  4,  is  called 
Boyne  River,  Riviere  aux  lies  du  Bois.) 

Morris 

Bosenfeld,  Junction  of  lines  to  the  south  and  west 

Ob  the  lino  south  from  Rosen feld: 

Gretna 

Grade  on  the  international  boundary,  connection 
with  the  Neche  line  of  the  St.  Paul,  Minneapolis 
and  Manitoba  Ry 

Bull.  7? i 


120 

42-8 
56-2 

70*1 
70*4 


From  Winni- 

Above  the  sea. 

p«e- 

MiUs. 

F$et. 

00 

757 

11 

760 

3-6 

761 

3-7 

736-754 

18-3 

737-7.'»0 

18-5 

770 

744-770 


772 
796 


829 


830 


50 


ALTITUDES    BETWEKN    LAKE    SUPERIOR 


[BULl 


CANADIAN  PACIFIC  RAILWAY  SYSTEM— Continued. 
SOUTHWESTERN  BRA NCH-Con tinned. 


On  the  line  (abandoned)  from  Rosen feld  to  Emerson : 

Cro8fiin£  the  first  initial  meridian,  grade 

Marais  River  (Riviere  aux  Marais),  bed 

WestLynne 

Red  River,  low  and  high  water 

Emerson 

On  the  line  west  from  Rosen  feld  : 

Morden 

Thomhill 

Snmmit,  grade 

Darlingford 

Summit,  grade 

Manitou 

(In  the  descent  from  the  top  of  the  bluff  of  the 
Pembina  River  Valley  at  106  miles  (grade,  1,552) 
to  its  bottom  at  112  miles,  the  protile  is  very 
irregular,  with  freqncnt  cuts  10  to  50  feet  deep 
and  fills  of  10  to  30  feet.) 

La  Rivifere 

Pembina  River,  water,  1/287;  grade , 

(Ascending  from  the  Pembina  Valley,  the  profile  is 
broken  by  many  ravines  to  IIU  milen,  where  grade 
at  the  top  of  the  bluff  is  1,547  feet.  The  width  of 
this  valley  is  1  to  2  miles.) 

Pilot  Mound 

Summit,  grade 

Crystal  City 

Crystal  Creek,  water,l,474;  grade 

Summit,  natural  surface  and  grade 

Clearwater,  water  of  Clearwater  Creek  (Cyprets  River), 

1,4*^6 ;  grade  at  stat  ion 

(Smoothly  undulating  contour  reaches  from  1:^7  to 
141  miles,  with  grades  from  1,515  to  1,532  feet; 
also  between  141  aud  147  miles,  with  grades  from 
1,525  to  1,535  fVet.) 

Cartwright 

Badger  Creek,  water,  1,476 ;  grade 

(Moderately  undulating  Hurfaco  extends  thence  t'O 
156  miles,  the  highest  grades  being  l,5:i5  to  1,551 
feet.) 

Holmfiold 

Long  River  (White  Mud  River),  water,  1,541 ;  grade 

(Thence  the  line  rises  gradually  westward  to  169-4 
miles,  where  the  natural  surface  and  grade  are 
1,649  feet.) 

Killarney 

Little  Pembina  Station 

Pembina  River,  water,  1,605 ;  grade 

(The  valley  here  is  only  40  feet  deep  and  about  40 
rods  wide.) 

Lake,  water,  1,6:36;  grade 

Lake,  water,  1,645 ;  grade 

Summit,  level  grade 

Boissevain ^ 

Whitewater  Lake,  low  and  high  water 

Deloraine 

(The  last  25  miles  of  this  line  lie  near  the  northern 
base  of  Turtle  Mountain.) 


From  Winni- 


Above  tbe 


Miiet. 


621 
68-9 
75-7 
77-0 
77*2 

80-6 
«7-9 
94-4 
95-9 
99-4 
102-4 


112-5 
112-7 


125n> 
125-9 
1300 
130-6 
132-2 

134-1 


144-9 
147-6 


155-4 
155-7 


164-1 
1697 
170-3 


171-7 

172-2 

18M-181-7 

182-7 
192-7 
202-7 


Feet. 


750 


1632- 


■  ■!» 


onuiLj 
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CANADIAN  PACIFIC  RAILROAD  SYSTEM— Continued. 

MANITOBA  AND  SOUTHWESTERN  RAILWAY. 

(Operated  by  the  CanAdian  P»ciflc  Railway  Company.) 

fFroB  R.M.PraU,  ensineer,  Winnipeg;  and  west  of  Elm  Creek  in  part  from  profile  in  the  office  of  P. 
A. Peterson,  enpjineer,  Montreal;  with  uniform  additioQ  or  24  feet  (page  40).] 


Winnipeg 

Janction  with  Canadian  Pacific  RaUway 

Colony  Creek,  bed 

Slorgeon  Creek,  low  water 

Anioiboine  River,  low  and  high  water 

Headingly 

La  Salle  River,low  and  high  water 

gtarbuck 

Elm  Creek  Station,  junction  of  Carman  Branch 

On  the  Carman  Branch : 

Maryland  (on  the  Bumside  beach  of  Lake  Agassiz).. 

Bamsley  (end  of  track) 

End  of  ^rade,  1  mile  north  of  Carman 

BoyneRiTer. (Riviere  anx  lies  du  Bois),  low  and  high 

water 

Oo  the  main  line  west  from  Elm  Creek  Junction : 

Bomside  Beach  of  Luke  Agassiz,  crest,  815 ;  grade  .. 

(The  descent  from  the  crest  eastward  is  10  feet  in  25 
rods,  and  westward  7  feet  in  an  equal  distance. ) 

Slongh,  water,  965;  grade 

i^longh,  water,  1,004  ;  grade 

Blotigh,  water,  1,022 ;  grade 

Slongh,  water,  1,043;  grade 

Boyne  River,  low  water,  1,034 ;  grade 

Korcross  {h)  Beach  of  Lake  Agassiz, crest,  1,167 ;  grade.. 

(The  descent  from  the  crest  eastward  is  15  feet,  and 
westward  10  feet.) 

Norcro8B(a)  Beach,  crest,  1,195;  grade 

Hennan  {dd)  Beach,  crest,  1,211 ;  grade 

(The  descent  from  the  crest  eastward  is  15  feet,  and 
westward  7  feet.) 
fiQiDiDit  on  the  Herman  (d)  Beach,  natural  surface  and 

grade 

Little  Boyne  River,  low  water,  1,169;  grade 

Twbeme , 

Boyne  River,  low  water,  1,166 ;  grade 

HenDan(6()  Beach,  crest,  1,252;  grade 

(The  descent  from  the  crest,  both  to  the  east  and 
west,  10  about  10  feet.) 
Sommit,  natural  surface  and  grade  thQ  same,  being  the 

,b)ghe«t  grade  on  this  profile 

Holland 


From  Winni- 


^^Tpr«B8  River  SUtion 

Cyprew  River,  low  water 

Gleuboro  (end  of  track,  1886) 

*|inaiitinSec.4,T.6,R.16 

Divide  between  Bonris  River  and  Pelican  Lake  in  Lang's 
Valley  (the  channel  of  a  glacial  river  that  flowed 

^Qtheant  from  Lake  Souris  to  the  Pembina  River) 

ftairie  west  of  Lang's  Valley 

fwris  River  at  Souris  City 

Sooris  River  at  Milford -. 


MUes. 

00 

1-2 

2-8 

7-5 

140 

14-2 

26-8 

27-2 

45*0 

47-5 
510 
56*0 

56-5 

461 


57-8 
61-7 
63-6 
660 
68-9 
75-2 


75-7 
760 


76-2 
77-3 
77-6 

78-4 
80-6 


84-8 
85-9 
960 
95-7 
1050 


Above  the  sea. 


Feet 

757 
760 
758 
756 

754-764 
776 

766-774 
781 
819 

844 
854 
861 

842-854 

841 


967 
1016 
1024 
1045 
1047 
1162 


1191 
1206 


1217 
1209 
1212 
1222 
1247 


1248 
1237 
1232 
1214 
1231 
1489 


1364 
1524 
1164 
1114 
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CANADIAN  PACIFIC  RAILWAY  SYSTEM— Continued. 

WEST  SELKIRK  BRANCH. 
(From  profile  In  the  office  of  P.  A.  PetersoD,  engineer,  Montreal.) 

[Note. — The  two  following  branches  of  the  Canadian  Pacific  Railway,  run 
northward  from  Winnipeg  on  the  west  side  of  the  Red  River,  receive  an  aaditi< 
24  feet,  like  the  main  line  from  Winnipeg  west.] 


Winnipeg 

Junction  with  main  line 

(This  branch  is  very  nearly  level,  ranging  from  760 
to  750  feet,  between  Winnipeg  and  Lower  Fort 
Garry  (also  called  the  ''Stone  Fort.") 

Lower  Fort  (Jarry 

West  Selkirk 

End  of  the  "river  track'* 

Red  River,  ordinary  stages  of  low  and  high  water 


Above  til* 


Fe«L 


li\ 


8T0NEWALL  BRANCH. 
[From  R. M.  Pratt»  engineer,  Winnipeg.] 


Winnipeg 

Air  Line  Junction,  with  main  line 

Stony  Mountain  Station 

Stonewall 


WINNIPEG  AND  HUDSON  BAY  RAILWAY. 

I  From  Collingwood  Schreiber,  engineer  of  government  railways,  Ottawa ;  with  addition  of  2 

(page  40).) 


Winnipeg 

Jnnction  with  the  Canadian  Pacific  Railway 

Burnside  Beach  of  Lake  Agassiz  about  3  miles  sonth  of 

Shoid  Lake,  crest  and  grade  the  same 

Lowest  natural  surface  crossed  by  this  railway  besides 

Shoal  Lake,  852;  grade 

Shoal  Lake,  5  to  15  feet  deep,  surface  at  ordinary  low 

stage,  850 ;  low  and  high  water. 


84 


MANITOBA  AND  NORTHWESTERN  RAILWAY. 

[From  profiles  in  the  office  of  George  H.  Webster,  engineer,  Portage  la  Prairie.] 

These  profiles  are  referred  to  the  Canadian  Pacific  Railway  station  atPortn 
Prairie,  which  is  called  100  feet.  The  original  figures  accordingly  receive  h 
uniform  addition  of  754  feet  to  refer  them  to  mean  sea  level. 

MAIN  LIKB. 


Portage  la  Prairie,  Canadian  Pacific  Railway  station, 
1,478*8  miles  west  from  Montreal,  56  miles  west  from 
Winnipeg 

Same,  Mauitoba  a^d  North  western  Railway  station.,.,,, 


From  Portage 
la  Prairio. 


MOeM, 
0-0 

Q-0 


Above  tl 


Ftti 


CVHUL) 


AND   THE   ROCKY   MOUNTAINS. 
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MANITOBA  AND  NORTHWESTERN  RAILWAY— Continued. 

MAIN  LINS-Continaed. 


CbADDel  hy  which  the  Assinhoine  River  overflowed  into 
Lake  Manitoba,  Ma>  3-15, 1882,  bed,  850 ;  grade 

Macdooald 

Wetibourne 

White  Mud  River,  first  croaking,  bed,  812 ;  );rado 

UuruBide  Beach  of  Lakte  A^^assiz,  crest,  8C0-862 ;  grade 
at  switch  of  spur  track  to  gravel  pit 

Woodside 

White  Mad  River,  second  crossing,  bed,  849 :  grade 

Sonimit,  grade  ( I  foot  above  natural  snrface) 

Depression,  filling  3  feet ;  grade 

Gladstone  Beach,  uatiinil  surface  at  crest, 878;  grade  ... 

Verge  of  plain  of  Gladntono,  natural  surface,  8^;  grade 

Gladstone,  section  hoiiHe  aiul  tank ;  grade 

Same,  passenger  statiuii 

White  Mud  River,  third  crossing,  bed,  871 ;  grade 

Gopher  Creek,  bed,  876 ;  crade 

Secondary  Emerado  Beach,  40  rods  wide,  crest,  916 :  grade. 
(Depression  west  of  this,  914  feet,  marking  the  begin- 
ning of  a  more  rapid  ascent  westward.) 

Kioerado  Beach,  abonc  30  rods  wide,  crest,  9S7-929,  wind- 
Mown  in  hollows  1  to  2  feet  below  crest 

(Depression  west  of  this,  925.) 

Thin)  Blancbard  Beach,  crest  and  grade  alike 

(This  beach  ridgn  is  30  rods  wide,  with  descent  of  5 
feci  both  to  the  east  and  west  from  its  croKt.) 

Midway. 


Seeond  Blanchaid  Beach,  crest,  979 ;  grade 

(This  deposit  is  almost  flat,  not  having  tho  usual 
ridffed  form.    It  is  nearly  a  quarter  of  a  mile  wide, 
and  is  bordered  on  the  west  by  a  depression  of  2 
feet,  to  977.) 
Pint  or  Upper  Blanchard  Beach,  another  tract  nearly 

like  the  last,  natural  surface,  994 ;  grade 

DepreasioD,  natural  snrface,  991 ;  grade 

I^Tel  grade  (|  to  2  feet  above  the  natural  surface) 

i>)wer  McCauleyTille  Beach,  crest  and  grade  alike 

(Depression  west  of  this,  1,014.) 

Middle  McCauleyville  Beach,  crest,  1,029 ;  grade 

(Deseent  of  3  and  5  feet,  respectively,  to  the  west 
aud  east  from  tho  crest.) 

Stream,  bed,  1,018;  grade 

Upper  McCauleyville  Beach,  crest,  1,039 ;  grade 

(Descent  of  4  and  6  feet,  respectively,  to  the  west 
and  east  from  the  crest. ) 

*^*eT  Campbell  Beach,  crest,  1,061 }  grade 

(This  beach  ridge  is  20  rods  wide,  with  descent  of  8 
feet  east  and  5  feet  west. ) 

l^ht  beach  mark,  natural  surface 

^nning  of  nearly  level  grade  on  the  east  margin  of 
»e  Arden  beach  ridge  (the  Beautiful  Plain),  2  feet 

•bore  the  natural  surface 

Ajden 

Upper  Campbell  Beach  ridge,  excavated  for  ballast,  crest, 

l>^;  grade 

*»keCPBek, bed.  1,061;  grade 

'^wer  Tintah  Beach  ridge,  crest  and  grade  alike 

(This  has  a  width  of  about  35  rods,  with  a  descent 
of  4  feet  to  the  east  and  3  feet  to  the  west.) 
^Mch  ridge,  associated  with  the  preceding,  crest,  1,115 ; 
gude 


From  Portage 
la  PralriA. 


Miles. 

2-9 

9-8 

16-9 

17-4 

21-8 
26-8 
27-3 
3;J-2 
34-0 
34-3 
34*5 
34-7 
34-9 
35-7 
36-5 
391 


39-9 
42-4 


43-3 
43*9-44'l 


45-3  -45-4 
45-5 

45-7  -46- 1 
46-4 

47-0 


47-1 
47-6 


48-2 


48-6 


48-7 
51-6 

51-8 
520 
55-4 


55-7 


Above  thesefti 


Feet 


8:j7 
831 
831 

860 
858 
859 
878 
876 
880 
884 
884 
883 
889 
888 
917 


927-929 
969 


975 
980 


995 

993 

1004 

1016 

1025 


1027 
1035 


10S6 
1070 


1079 
1086 

1084 
1079 
1111 


1116 
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MANITOBA  AND  NORTHWESTERN  RAILWAY-Continaed. 

MAIN  LINE— CoDtlBaed. 


Done  croased  on  steep  grade,  crest,  1, 133 ;  grade 

(DuDes  3  to  5  feet  high  occur  at  57'ir>,  57 '2,  and  57*3 
miles,  with  crest  and  grade  alike  iu  each,  respect- 
ively 1,150, 1,1  W^,  and  1,154  foet.) 

Level  grade  (0  to  7  feet  above  the  natural  surface) 

Upper  Tiutan  Beach,  crest,  1,158 ;  grade 

(This  has  a  descent  of  11  feet  in  50  rods  east,aud  3 
feet  in  6  rods  west. ) 

Nearly  level  natural  surface,  1,174-1,172;  grade 

Ridge  of  dune  sand,  crest,  1,177;  grade 

(This  has  a  descent  of  5  feet  to  the  east  and  3  feet  to 
the  west. ) 

Ridge  of  dune  sand,  crest,  1,179;  grade 

(This  likewise  has  a  descent  of  5  feet  to  the  east  and 

3  feet  to  the  west.) 
(Dunes  at  the  level  of  the  Lower  Norcross  Beach  oc- 
cur at  60-1, 60-2, 60-25,  and  60*3  miles,  with  their 
crests  successively  at  1,192,  l,192i,  l,li)2i,  and  l,193i 
feet.  The  hollows  are  2, 4,  and  5  feet  deep  in  order 
from  east  to  west,  i.e.,  at  1,190,  1,188^,  and  1.187^ 
feet.) 

Qrade  here.... 

(Prom  the  dnnes  at  58*9  miles  and  59*3  miles  to  60*5 
miles  the  surface  is  wind- blown  sand  with  hollows 
2  to  4  feet  deep.  The  railway  bed  formed  of  this 
sand  is  somewhat  insecure,  because  of  its  liability 
to  be  channeled  by  the  wind.) 

Neepawa 

Upper  Norcross  Beach  deposits,  crests  successively  1,2*23|, 

1,225,  and  1,225;  grade 

(The  descent  westward  from  each  crest  is  only  1  foot. ) 

Eroded  escarpment,  base,  1,225 ;  crest,  1,240 ;  grade 

Herman  (hh)  Beach  ridge,  crest,  1, 304 ;  grade 

(This  ridge  has  a  width  of  40  rods,  with  descent  of 
7  feet  both  to  the  east  and  west  from  its  crest.  It 
is  found  to  consist  of  sand  and  gravel  suitable  for 
ballast,  nearly  like  that  of  the  Ardeu  ridge,  and 
has  been  purchased  by  the  railway  company  for 
this  use.) 

Herman  {b)  Beach  ridge,  crest,  1,323 ;  grade 

(This  ridge  descends  7  feet  from  crest  to  base  in  15 
rods,  the  amount  of  descent  aud  length  of  slope 
being  nearly  alike  on  the  east  aud  west.) 

Stony  Creek,  bed,  1,359;  grade    

Bridge  Creek  Station 

Summit,  grade  (2  feet  above  natural  surface) 

Little  Saskatchewan  River,  bed,  1,654 ;  grade 

Minnedosa,  Junction  of  Rapid  City  Branch 

Summit,  grade  (2  feet  above  natural  surface) 

Depression,  filling  8  feet ;  grade 

Summit,  grade  (3  feet  above  natoral  surface) 

Basswood 

Outlet  from  Basswood  Lake,  bed,  1,932 ;  grade 

Summit,  highest  grade  on  this  railway 

Newdale 

Grade  and  natural  surface 

Grade  and  natural  surface 

Strathclair 

Salt  Lake,  bed,  1,855;  water,  1,860;  grade 

Summit,  cutting  4  feet ;  grade 

Shoal  Lake  Station 

Oak  River,  bed,  1,791 ;  water,  1,794 ;  grade 


From  Poxtage 
la  Prairie. 


Above  the  i 


MUes. 

56-9 


57-3  ^W-7 

f        57-8 

58-1  -58-8 
58-9 


59-3 


60-1  -60-5 


61-0 

61-45-61-6 

61-6  -61-67 
64-0 


64-7 


66-3 
70-3 
760 

78-4 
78-5 

8:vo 

83-9 

87-0 

88-5 

88-6 

92-8 

96-8 

100-0 

1030 

1061 

108-3 

1090 

114-9 

115*0 


Feet. 


1 
1 


1174-1 
1 


] 
1227-1 

1232-1 

1 


CMiM.) 


AND  TflE  Rocky   MOUNTAINS. 
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MANITOBA  AND  NORTHWESTERN  RAILWAY— Con  tinned. 

MAIN  LINS-Contiiined. 


Sbool  Lake,  about  a  third  of  a  mile  south;  water,  ap- 

proxioiately 

Sainmit, cutting  2  feet;  grade 

Kelloe 

Solsgirth 

Grade  (8  feet  above  natural  surface) 

Havine,  bottom,  1,59C ;  grade 

Biidtail  Creek,  bed,  1,538;  w.ater,  1,540;  grade 

Sofflmit,  grade  (1  foot  above  natural  surface) 

Birtle 


SomiDit, cutting  1  foot;  grade 

Stony  Creek,  bed,  1,683;  grade 

Sommit,  grade  (1  foot  above  natural  surface) 

Foxwarren 

Summit,  grade 

SilTcr  Creek,  bed,  1,631 ;  water,  1,632 ;  grade 

Biiucarth,  junction  of  Shell  River  Brauch 

Two  miles  northwest  of  same,  natural  surface  and  grade 
Three  miles  farther  northwest,  natural  surface,  1,515; 

grade 

Johnnon's  Creek,  bed,  1,350;  grade 

Old  channel  of  Assiniboine  River,  bed,  1,317;  stagnant 

water,l,319;  grade 

Asriniboine  River,  bed,  1,309 ;  water,  1,314 ;  grade 

One  mile  northwest  of  same,  natural  Hitrrace,  1,405; 

grade 

Two  miles  farther  northwest,  natural  surface  and  grade. 

Harrowby 

Grade  and  natural  surface 

Ungeubarg 


From  Portage 
la  Prairie. 

Above  the  eea. 

AfiUt. 

Feet. 

115-0 

1793 

117-0 

1830 

123-2 

1814 

129-8 

1789 

132-0 

1697 

132-8 

1648 

134-5 

1558 

137-0 

1704 

i:^o 

1703 

1380 

1706 

1390 

1701 

144-0 

1747 

145-2 

1742 

149-0 

1772 

153-9 

1704 

154-9 

1713 

1570 

1654 

1600 

1521 

161-8 

1408 

162-7 

1349 

162-9 

1342 

164-0 

1408 

1660 

1533 

167-6 

1593 

173-0 

1638 

1801 

1681 

RAPID  CITY  BRANCH  (SASKATCHEWAN  AND  WESTERN  RAILWAY). 


Minnedosa,  junction  with  main  lino 

uttle  Saskatchewan  River,   first  crossing,   bed,  1,643; 

w»ter,l,645;  grade 

mrerdale 

Little  Saskatchewan  River,  second  crossing,  bed,  1,569; 

„^»ter,  1.570;  grade 

Rapid  City..!.: 

A  survey  from  Rapid  City  westward  supplies  the  follow- 
„>ng: 

Snrface,  SE.  i  of  Sec.  19,  T.  13,  R.  20 

Sorface.W.iofSec.  16,T.13,R.21 

^k  River,  Sec.  23,  T.  13,  R.  2i,  water,  1,668 ;  proposed 

grade 

Surface  on  line  between  Sees.  2H  and  33,  T.  14,  R.  25 

Sarface,  8W.  i  of  Sec.  6,  T.  15.  R.  25 


78-5 

80-2 
87-1 

92-4 
93-9 


101-5 
105-5 

109-2 
132-0 
135-5 


1670 

1658 
1636 

1579 
1579 


1701 
1734 

1703 
1688 
1623 


SHELL  RIVER  BRANCH. 


oinacartb,  junction  with  main  line 

*onT  miles  north  of  same,  grade  and  natural  surface 

ronr  Diiies  farther  north,  grade  (3  feet  above  natural 
^•nrface) 

BosBell 


1.^)4-9 
158-9 

162-9 
166-2 


1713 
1791 

1797 
1830 


I 
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MANITOBA  AND  NORTHWESTERN  RAILWAY— Continaed. 

LINE  SUBVETED  WEST  FROM  LANGENBaRG  TO  THE  SOUTH  SIDE  OF  THE  BBAYEB 

HILLS. 


Red  Deer  Horn  Creek,  bed 

Snrface 

Surface 

Big  Cut  Arm  Creek,  bed 

Snrface 

Surface 

Crescent  and  Leech  Lakes,  a  few  miles  north  of  this  line, 

approximately 

Surface 

Surface 

Snrface 

Ravine,  bottom 

Surface,  end  of  survey 

This  line  ends  in  the  west  part  of  T.  23,  R.  7  W.  from  the 
second  initial  meridian,  between  the  Beaver  Hills  on  the 
north  and  the  Pheasant  Hills  on  the  south,  and  about  15 
miles  east  of  the  File  Hills. 


From  Portage 
1»  Prairie. 


MiUa. 
1850 
1^80 
1U50 
198-5 
203  0 
2100 


220*0 
230-0 
234  0 
236-0 
237-5 


Above  the 


Feet. 


1721 
1729 
1726 
l&Sl 
17-20 
1709 

1679 
1763 
1816 
1863 
1882 
1919 


LINE  SURYETED  NORTHWEST   FROM   LANGENBURd.   PASSING   NORTHEAST  AND 

NORTH  OF  THE  BEAVER  HILLS. 


Summit 

Surface 

Armstrong's  Coulee,  first  crossing,  bed 

Same,  second  crossing,  bed 

Yorkton 

Mill  Creek  (South  Branch  of  White  Sand  River),  bed 

Surface 

Summit 

Creek,  l)ed 

Big  Bone  Creek  (or  Little  White  Sand  River),  bed 

Surface 

Owl  Creek,  bed 

Surface 

Clair  Creek,  bed 

Small  Lake 

Surface 

Chippewa  Creek,  bed 

Surface 

Fern  Creek,  bed 

Surface 

Bear  Creek,  bed 

Spring  Creek,  bed 

Surface 

Water  course,  bed 

Snrface 

Along  its  last  40  ii.iles  this  line  lies  from  2  to  7  miles 
southwest  of  Wbit«  Sand  River.  It  terminates  near  the 
north  side  of  T.  30,  R.  10  W.  from  the  second  initial 
meridian,  a  few  miles  nortb  of  the  Beaver  Hills  and 
about  25  miles  east  of  the  Big  Touchwood  Hills. 


194*0 

1774 

212-0 

1721 

213-9 

1686 

217-4 

1652 

222-5 

16:« 

223-3 

1585 

2260 

1620 

231-0 

1697 

2t«l 

1654 

233-5 

1651 

238-0 

-1690 

240-2 

1683 

243-0 

17o9 

244-5 

1691 

245-7 

1711 

252-0 

1747 

253-8 

17:^6 

256-5 

1770 

258-3 

1747 

260-0 

1761 

262-7 

1762 

265-3 

17(^5 

2700 

1820 

272-5 

1813 

273-0 

1825 

UPHAM.] 


AND   THK   UOOKY    MOUNTAINS. 
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NORTHWEST  COAL  AND  NAVIGATION  COMPANY'S  RAILWAY. 
(From  Dr.  George  M.  Dsw«oa,  of  the  Goolagic«l  and  N«(ar»l  Qlstory  Sarroy  of  Canada.] 


Donmore,  janction  with  Caoadiau  Pacific  Railway,  652'H 

miles  from  Winnipeg 

Boll's  Head  Creek,  grade  on  bridge 

Seyeo  Penooa  River,  gra<le  on  bridge 

CnmiDg  the  west  line  of  T.  11,  R.  8,  a  snuimit  of  grade. . 

Entering  the  northeast  corner  of  T.  10,  R.  11 

Depression,  grade 

CrasBtng  the  west  line  of— 

T.  lU,  R.  12 

T.IO,  R.  14 

T.9,  R.  16 .... 

T.9,  R.  17 

T.l',  R.  18 

Depression,  ^rade 

Craning  the  west  line  of  T.  9,  R.  19 

8tuie/i'.y,  R.-20 

Sainiuit  of  grade ^.   .. 

Lethbridife 

Tbis  elevation  proves  the  approximate  correctness  of 
tbat  baroraetrically  determined  by  Dr.  Dawson,  before 
this  railway  was  bnilt,  for  the  Belly  River  (2,717  feet) 
at  tUe ''Coal  Banks,"  about  a  mile  southwest  of  Leth- 
bridge.  The  general  surface  of  the  country  here  is  250  to 
30O  feet  above  the  river. 


From  Dqd more.  I  Above  the 


MiU9. 

Feet. 

0 

2405 

2 

2314 

m 

2446 

27 

2772 

40 

2592 

49 

2562 

53 

2614 

^y 

2609 

78 

2677 

84 

2707 

90 

276:i 

91 

2751 

96-5 

2806 

103 

2877 

106 

2999 

109 

2954 

REGINA  AND  LONG  LAKE  RAILWAY. 
[From  B.  M.  Pratt,  engineer,  WiDiiipef[.] 


^Siofttjnnction  with  the  Canadian  Pacific  Railway 

Qn'Appflle  River,  low  water,  1,:  95 ;  grade 

CDd  of  track 

Armor  Long  Lake  here,  in  Sec.  2:1.  T.  20,  R.  21,  water. .. 
I^glaketon,  at  the  soatheast  end  of  the  main  lake,  is 
about ;{ miles  farther  northwest. 


From  Kegina. 

Above  the  sea. 

MOm. 

FetU 

0-0 

1885 

21-4 

1609 

22-2 

1606 

22-2 

1598 

ST.  PAUL  AND  DULUTH  RAILROAD. 

[fnin  proflles  in  the  office  of  H.  A.  Swennon  and  C.  A.  F.  Morris,  engineers,  St  Paal,  showing 
fy^gft*  mtde  lu  1887  in  grades  siting  tli«  whole  line  snd  in  the  cooHtruction  of  a  shorter  line  with 
'**•  •toep  grmles  between  the  St.  Lunin  River  and  Oneota  Junction.! 

Tbe  profile  from  new  leveling  in  1887,  which  is  here  followed,  receives  an  addition 
^»4W  feet  from  St.  Panl  to  the  Northern  Pacific  Junction,  where  it  gives  an  eluva- 
lionofeft  less  than  the  profile  thence  to  Deluth.  Tbe  latter  portion  receiveH  an 
j|<»litinn  of  402  feet  The  datum  is  Lake  Superior,  mean,  200;  its  true  elevation 
Ming(jO-2fpQ^  juj^QPflii,^  to  the  United  States  Lake  Snrvey.  Withont  adjuHtment, 
^^c^ptiug  that  indicated  at  Northern  Pacific  Janction,  this  line  give^  the  elevation 
or  tlie  Mieaissippi,  River,  low  water,  at  St.  Paul,  08 1  feet,  which  is  a  lulf  foot 
oigiter  than  its  determination  by  snrveys  from  Lake  Michigan  by  way  of  Winona. 
^  tgreea  exactly  or  closely  with  connecting  railways  at  St.  Paul,  Minneapolis,  Glad- 
^ODe,  White  Bear,  and  Hinckley;  and  its  branches  to  Stillwater,  TayloHn  Falls,  and 
^nntsborgh  agree  with  elevations  of  the  St.  Croix  River  determined  by  United  States 


i 
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[BULL.  72. 


ST.  PAUL  AND  DULUTH  RAILROAD -Con  tinned. 

MAIN  LINB. 


St.  Panl|  extreme  low  and  high  water  in  the  Missiasippi 

River 

St.  PanI,  nnion  depot 

East  Seventh  Street,  junction  to  teraiinal  freight  yard. . 
Crossing  beneath  the  Chicago,  St.  Paul,  Minneapolis  and 

Omaha  Railway;  St.  Pant  and  Duluth  grade 

Phalen's  Creek : 

First  crossing,  water,  805:  grade 

Second  crossing,  water,  809 ;  grade 

Third  crossing,  water,  816 ;  grade 

Fourth  crossing,  water,  839;  grade 

Claymont  (at  St.  Paul  Harvester  Workn) 

Phalen's  Creek,  fifth  crossing,  water,  85(} ;  grade 

Lake  Phalen,  water,  859 ;  grade 

Gladstone 

Junction  with  the  Wisconsin  Central  Railroad 

Summit,  natural  surface 

Same,  grade 

Minneapolis  and  Duluth  Junction 

White  Bear 

White  Bear  Lake,  low  aud  high  water 

Junction  of  the  Stillwater  Branch 

Crossing  the  Minneapolis,  SauU  Ste.  Marie  and  Atlantic 

Railway 

Bald  Eagle 

Bald  Eagle  Lake,  water 

Beaver  Creek,  water,  923 ;  grade 

Centerville 

Beaver  Dam  pile-bridge,  water,  920 ;  grade 

Rice  Creek,  water,  915 ;  grade 

Summit, catting 9  feet;  grade 

Forest  Lake  Station 

Forest  Lake,  water 

Wyoming,  junction  of  the  Taylor's  Falls  Branch 

South  Branch  of  Sunrise  River,  water,  876 ;  grade 

Middle  Branch  of  Sunrise  River,  water,  878 ;  grade 

Stacy 

North  Branch  Station 

North  Branch  of  Sunrise  River,  water,  865  ;  grade 

Harris 

Goose  Creek,  water,  870 ;  grade. 

Spooner's  Spur 

Junction  of  the  Grantsbnrg  Branch 

Rush  Creek,  water,  895 ;  grade 

Rush  City 

Balsam  Creek,  water,  926 ;  grade 

Long's  Spur 

South  Brauch  of  Rock  Creek,  wati^r,  911) ;  grade 

North  Branch  of  Rock  Creek,  water,  925;  grade 

Dowlan's  Siding 

Summit,  natursd  surface 

Same,  grade 

Cut,  maximum  depth  33  feet,  but  only  300  feet  long; 

grade  

Fill  16  feet,  opposite  to  Devil's  Lake  ;  grade 

Pine  City 

Snake  River,  bed,  920;   low  and  high  water,  928-938; 

grade  

Summit,  '* Brown's  Hill,"  cutting 22  feet;  grade 

Brown's  Hill  Siding    

Mission  Creek,  water,  960 ;  grade 

MiBsion  Creek  Station 


From  St.  PanI. 

A  l)ove  the  fiea. 

UiUt. 

F^et. 

0-0 

()83-7»)2 

00 

703 

0-8 

7:w 

16 

809 

1-65 

811 

1-7 

813 

1-9 

820 

2-6 

853 

2-9 

865 

31 

868 

3-7 

862 

4-9 

898 

51 

899 

8-7 

976 

90 

937 

10  0 

927 

11-4 

938 

11-4 

923-926 

11-6 

938 

12-5 

.   929 

12-9 

928 

12-9 

908 

16-4 

934 

16-7 

933 

17-5 

932 

20-2 

93$ 

21-5 

951 

25-0 

912 

25-0 

900 

29-2 

900 

29-5 

896 

33-2 

893 

33-4 

896 

41-3 

896 

41-6 

896 

46-5 

897 

46-7 

899 

51-4 

917 

531 

917 

531 

917 

53-3 

917 

5<5.5 

9:m 

57-3 

943 

58-3 

937 

59  0 

945 

59  5 

955 

(iO-7 

986 

60-9 

975 

62-3 

965 

62-4 

964 

€3-2 

952 

63-4 

950 

67-4 

980 

69-2 

975 

70-2 

967 

731 

995 

ITILIH.1 
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ST.  PAUL  AND  DULUTH  RAILROAD— Continued, 

MAIN  LINE^Continned. 


Cnt, maxiinnni  depth 31  feet;  grade 

Creek,  water,  1,002 ;  grade 

JaDctioi],St.  Clondaud  Hinckley  Brancb,  St. Paul,  Miii- 

neapolig  and  Manitoba  Railway 

Hinckley - 

Ormdstone  River,  water,  1,010;  grade 

SQmmit,  graile 

Siue, natural  surface i... 

Saudstoue  Junction 

Miller 

FiQlayson 

Cwtk,  water,  1,087  ;  grade 

Pine  River,  water,  1,024;  grade 

Kettle  River  Station 

Kettle  River,  water,  1,010;  grade 

Willow  River  Station 

Willow  River,  wat*T,  1,020 ;  grade 

Sturgeon  Lake  Siding 

Cut,  13  feet  deep ;  grade 

Smnmiit,  natural  snrface  and  gnule  the  same 

Moose  Horn  River,  water,  1,0:W ;  grade 

Mow»  Lake  Station 

Sammit, natural  snrface 

Same,  grade 

Bamuru 

Moose  Horn  River,  water,  1,091 ;  grade 

Cut,  16  feet  deep ;  grade 

Cnt,21  feet  deep ;  grade 

Mahtowa 

Black  Hoof  Summit,  natural  snrface  and  grade  the  same, 

highcHton  this  railroad 

Otier Creek  Siding 

Northern  Pacific  Junction 

^(•liOttis  River,  Dalles  bridge,  bed,  992;  low  and  high 

Jfater,  997-1,020;  grade 

Tbonjuou 

%  Golch,  bottom  of  culvert,  981 ;  grade 

Saimnit  Siding 

^  (Cut here  has  maximum  depth  of 24  feet.) 

West  Branch  of  Mission  Creek,  bed,  965 ;  grade 

^^ Branch  of  Mission  Creek,  bed,  912 ;  grade 

^ock  cut  at  southwest  end  of  range  uf  highland  ;  grade. 

Uneota  Junction,  at  west  end  of  bridge  over  Kimbairs 

jj  ^^k,  water,  615 ;  grade 

X»«»mit  Level 

g°foU 

^^JQtb,  passenger  depot 

I    ^''tli,  freight  depot  and  elevators 

*^««  Superior,  mean,  1671  to  1887 

(Minnesota  Point  (recent  beach  at  the  head  of  Lake 
Superior),  Duluth,  has  a  width  of  375  feet  at  the 
distance  of  3,700  feet  from  the  mainland  on  the  lake 
Bide.  Along  this  extent  its  elevation  on  the  upper 
edfi^e  of  the  beach,  next  to  tbe  timber,  varies  from 
6to  11  feet  above  the  lake;  and  the  timbered  belt 
of  this  point  in  some  parts  rises  slightly  higher.) 
(Rice's  Point  (a  western  beach  near  the  preceding 
and  parallel  with  it),  along  an  extent  of  2,574  feet 
varies  in  elevation  from  3^  to  10  feet  above  Lake 
Superior.) 


Prom  St.  Paul. 

Above  tbe  sea. 

MiUt. 

Feet. 

74-2 

1011 

75-0 

1017 

76-1 

103-2 

76-2 

1032 

70-7 

io:« 

8l-l 

1117 

81-2 

1130 

83-6 

1119 

85-9 

li:iO 

89-4 

1108 

90-2 

1095 

93- 1 

1051 

94  3 

1031 

94-7 

1029 

98-5 

1038 

98-7 

1037 

102-2-102-8 

1067-1076 

103-7 

1088 

104-2 

1095 

107-7 

1056 

108-8 

1063 

1118 

1115 

112-0 

1108 

113-4 

1100 

113-5 

1101 

1141 

1110 

1171 

1135 

119-5 

1147 

120-7 

1170 

125-2 

1150 

131-5 

1083 

132-5 

1044 

133-0 

1055 

135-1 

1095 

135-9-136-1 

1115 

138-3 

1015 

i:j8-7 

993 

141-2-141-3 

803-858 

l43-t'-144  2 

742-7-22 

146-2 

6-29 

146-7-147-4 

637 

148-3 

631 

1521 

607 

152-9 

607 

152*9 

601-56 
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ST.  PAUL  AND  DULUTH  RAILROAD— Continued. 
MINNEAPOLIS  BRANCH. 


Minneapolis,  new  St.  Pan).  Minneapolis  and  Manitoba 

(nnion)  depot 

Mississippi  River,  low  and  bi;^li  water,  794-^^^;  grade. 

Eaat  Minneapolis,  Dulntii  depot 

Junction,  St.  Paul,  Minneapolis  and  Manitoba  Railway . 
Crossing  St.  Paul^Minneapulis  and  Manitoba  Railway. . 

Summit,  cutting  7  feet ;  grade 

Robinson  Lake,  water,  908;  grade. 

Owassa 

Bennett  (or  Roiling)  Lake,  water,  893;  gnule , 

Owassa  (or  Big  Bass)  Lake,  water,  88o;  grade 

Twin  Lake,  water,  879;  grade    

Minneapolis  and  Dulutb  Junction 


r  rum 

Minneapolis. 

Above  the  sea. 

MiiM, 

Feet. 

0-0 

810 

0-5 

8-^6 

1-0 

8X{ 

1-3 

835 

1-8 

8;)8 

4-4 

94d 

U-3 

916 

6-7 

^927 

7-5 

895 

9-4 

898 

10-5 

883 

14-4 

9557 

STILLWATER  BRANCH. 


White  Bear  Junction 

White  Bear  Lake,  low  and  high  water,  923-926;  grade.. 

DuIlwoo<l 

Mahtoiue«li  (a  depression  of  grade) 

Lake,  water,  951 ;  grade 

Summit,  cutting  2U  feet;  grade. '. .'. 

Brown's  Creek,  bed,  858 ;  grade 

Same,  bed,  8:^7 ;  grade 

Stillwater 

Same,  zero  of  United  States  engineers  gange,  Lake  St. 

Croix 

Same,  zero  of  city  levels,  from  Lewis  W.  Clarke,  city 

engineer 

Lake  St.  Croix,  ordinary  stage  of  water,  672 ;  extreme 

low  and  high  water,  667-687 ;  grade 


From  St  Paul. 


MiUt. 


11-6 
13  0 
13-6 
14-6 
17-7 
18-1 
21  1 
21-6 
23-3 


24-0 


Above  the  aea. 

FeeL 
938 
934 
942 
929 
966 
984 
867 
853 
72J 

666-95 

638-70 

686 


TAYLOR'S  FALLS  BRANCH. 


Wyoming,  junction  with  the  main  line 

Summit,  cutting  6  feet ;  grade 

Sunrise  River,  water,  875 ;  grade 

Summit,  natural  surface  und  grade  the  same 

Chisago  City 

Canal,  water  the  same  as  Chisago  Lake,  896;  grade 

Chisago  Lake,  water,  896 ;  grude 

Lindstrom 

Summit,  natural  surface  and  grade 

Chisago  Lake,  water,  896;  grade 

Center  City 

Summit,  catting  4  feet;  grade 

Shafer's 

Franconia 

Lawrence  Creek,  bed,  857 ;  water,  H61 ;  grade 

Cuts  in  sandstone,  top  of  sandstone,  h'56-8<)l  ;  grade 

Cnt  in  trap,  top  of  trap  rock,  823 ;  grade 

Taylor's  Falls,  passenger  depot 

Same,  freight  depot  and  yard 

St.  Croix  River  here,  a  mile  north  from  Taylor's  Falte 
bridge,  about » 


29-2 
30-0 
31-1 
33-2 
35-6 
35-8 
380 
:i8-2 
38-7 
39-8 
39-9 
42-2 
43-4 
45-4 
45-9 
47-4^7-8 
48-4-48-5 
48  7 
49-5 


49-5 


900 
903 
880 
922 
917 
917 
92d 
932 
937 
901 
901 
946 
937 
915 
901 
&'»5-832 
80^797 
791 
750 

710 
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ST.  PAUL  AND  DULUTH  BAlLrROAD— Continued. 


GRANTSIiU&a  BRANCH. 


Junction  near  Rash  City 

RoBh  Creek,  w^ter,  841 ;  grade 

St.  Croix  River,  water,  775 ;  grade 

Sammit  (at  or  near  Benson),  natural  surface  and  grade . 
Giantsburg' • ^ 

KNIFE  FALLS  BRANCH. 

Northern  Pacific  Junction 

8t>.  Louis  River,  crest  of  Knife  Falls,  1,167,  having  a  per- 
pendicular fall  of  8  feet ;  high  water  on  crest  uf  falls, 
1,172;  grade  here 

Knifo  Falls  (Cloquet  post-office) 

St.  Louis  River  here,  at  head  of  the  rapids  above  Knife 
Falls,  ordinary  stiige,  about 


From  SL  Paul. 

Above  tbe  tea. 

MUet. 

Feet. 

53-1 

917 

55-8 

849 

58-1 

795 

68-6 

921 

69-7 

895 

1083 


1180 
1192 

1175 


PRELIMINARY  SURVEYS. 

{From  preliminary  sarveys  for  tho  St.  Paul  aod  Dalath  Railroad  in  1800  and  1864,  of  which  the  field- 

notes  were  sapplied  by  A.  J.  Hill,  St.  Paul.] 

Feet  above  tbe  aea. 

GrOoeeLake,  Sec.  23.  White  Bear,  Ramsey  County 925 

Lake  Amelia,  Sec.  35,  Ceiiterville,  Anoka  County 906 

Middle  Branch  of  Sunrise  River,  iu  the  northeant  part  of  Linwood, 

Anoka  County 877 

Goose  Lake,  Chisago  County 910 

Rnsh  Lake,  Chisago  County 906 

Rock  Lake,  Sees.  8  and  9,  T.  38,  R.21 947 

&nake  River,  close  southwest  of  Pokegaraa  Lake 929 

PokegaiuaCreek,  Sec.l5,T.40,  R.22 1003 

South  Branch  of  Grindstone  River,  in  the  northeas'.  part  of  T.  41,  R.  22  1065 

Willow  River.  Sec.  33,  T.  46,  R.  19 1047 

Moose  Lake,  Sees.  26  and  35,  T.  46,  R.  19 1105 

Pine  Lakes,  east  part  of  T.  43,  R.  22,  head  of  Pine  River 1075 

West  Branch  of  Kettle  River,  iu  the  southeast  corner  of  T.  46,  R,  22..  1232 
llig1i«8tland  crossed  by  the  survey  in  1860,  situated  in  the  SW.  i  of 

8ec.:l6.T.47,R.22 1356 

Lake  in  Sees.  3  and  9,  T.  48.  R.  20  (close  south  of  Island  Lake  on  the 

Northern  Paci6o  Railroad) 1296 

Kettle  River  (15  feet  wide,  4  feet  deep),  in  the  NW.  i  of  Sec.  8,  T.  48, 

R19. 1280 

(This  is  1-1  mile  south  of  the  Northern  Pacific  cMssing  of  the  same 
I    V   **^'u»  where  its  bed  is  at  1,287  f«*et.) 
*^ke  4  miles  east  of  the  last,  flowin;»  northeastward  to  the  Perch 

lAKes,  and  BO  tributary  to  tht)  Moose  River 1306 

MO08C  River,  near  Norman 1275 

'^^M25feet  wide,  2  ftMst  deep),  in  tlie  NE.i  of  See.  11,  T.  4H,  R.  17..  1088 
^'^'4  is  abont  li  miles  west-southwest  of  the  Northern  Pacific 
Jjnction.) 

"•>'Uke...: 1105 

S^f  Lake 1111 

^'^'s  River  (40  feet  wide)  lielow  the  upper  falls  (and  east  of  the 

^ilpoad  bridge),  ordinary  stage 939 

^*» 'ii.gh  water 1007 

^  j^^^^ver  here  flows  in  a  iierpendicular  gorge,  south  bank,  1,0U8 ; 
9»rtk  bank,  1,019.) 


62 


ALTITUDES   BETWEEN   LAKE   SUPERIOR 


lBITLL.72. 


DULUTH  AND  IRON  RANGE  RAILROAD. 
[Prom  R.  H.  Lee,  engineer,  Dolath.] 


Lake  Saperior,  mean,  1871  to  1887 

DalatbJaDCtion  with  the  St.  Paul  and  Duluth  Railroad.. 

Chester  Creek,  bed,  602;  grade 

Tischer  Creek,  bed,  6:$4 ;  grade 

Summit,  onttiog  4  feet ;  grade 

New  London - 

Lestor  Park 

Lestei  River,  bed,  604 ;  grade 

Summit,  oattiDg2  feet;  grade 

Clifton 

Talmage  River,  bed,  658;  grade 

Summit,  natural  surface  and  grade 

French  River,  bed,  677;  grade 

Smith's  Creek  bed, 650;  grade 

Summit, cutting  9  feet;  grade 

Big  Sucker  River,  bed, 630;  grade 

Little  Sucker  River,  bed,  612 ;  grade 

Lake  View 

Stony  Point, putting 9  feat;  ^rade 

Knife  River  Station,  bed  of  river,  002 ;  grade 

Summit,  natural  surface  and  grade 

Two  Harbors  Junction 

Two  Harbors  depot,  i  mile  south  from  the  junction 

Sibiwissa 

Gakadina  Station,  highest  point  on  the  line,  cutting  26 

feet;  grade 

Little  Cloquot  River,  bed.  1,498;  grade 

CJoquet  River  Statiou,  bed  of  Cloquet  River,  1,477;  grade. 

Wissakode 

Summit,  cutting  2  feet ;  grade 

Summit,  cutting  29  feet ;  grade 

Outlet  of  Bassett  Lake,  bed,  1,570;  grade 

Basset  t  Lake  Stat  ion,  cutting  19  feet ;  grade 

Wbiteface  River,  bed,  1609;  grade 

Summit, cutting  14  feet;  grade 

St.  Louis  River  Station,  bed  of  river,  1,594  ;  grade  ...."... 

Partridge  River,  bed,  1,499;  grade 

Okwanim 

Beaver  Dam  Creek  here,  bed,  1,481 ;  grade 

Summit, cutting 7  feet;  grade 

Mesaba  Creek,  bod,  1,479;  grade 

Mesaba  Heij^hts  Station,  cutting  7  feet ;  grade 

Embarras  River,  bod,  1,421 ;  grade 

Summit, cutting  23  feet;  grade 

West  Two  Rivers,  bed,  1,414  ;  grade 

West  Two  Rivers,  bed,  1,401 ;  grade 

Summit,  cutting  10  feet ;  grade 

East  Two  Rivers,  bed,  1,374 ;  grade 

Brei tung  Mine  Station,  Tower  yard 

Tower,  about 

Vermilion  Lake,  water 


32  0 

38-8 
44-2 
46*2 
49-5 
51-4 
52-7 
53-2 
55-0 
55-4 
57-7 
621 
68-3 
70-2 
70-2 
722 
73-7 
75-3 
80-4 
84-9 
89-4 
89-7 
90  4 
91-8 
94-0 
95-7 
957 


Above  tbe  sea. 


1734 
1521 
1490 
1578 
1617 
1615 
1587 
1642 
1635 
1693 
1607 
1514 
1494 
1494 
1536 
I486 
1604 
1440 
1484 
1424 
1413 
1439 
1384 
1424 
1400 
1357 
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WISCONSIN  CENTRAL  RAILROAD  (THE  PART  IN  MINNESOTA). 
I  From  tiie  Fifteenth  Annual  Report  of  the  6eoloj;ical  and  Natural  History  Sarvey  of  Minnesota, 


pp.  429,  430.    Corrected  by  uniform  subtraction  of  39  feet,  which  is  here  made,  to  ai^ree  wl 
the  Si.  JPaul  and  Duluth  Bailrciad,  and  with  elevations  of  the  St.  Croix  liiver  determined  by  United 
States  engineers.] 


8t..  Paul,  aiiioi^deiK>l 

Janciion  with  the  St.  PaalaDd  Dulath  Railroad, Gladstooe 

Castle 

Long  Lake,  water,  936 ;  grade 

Four  Lakes  Station 

Summit, catting  11  feet;  grade 

Crossiug  the  Stulwater  Branch,  St.  Paul  and  Dalnth  Rail* 

road 

Camelian  Lake,  water,873;  grade 

Areola 

St.  Croix  River,  bed,  666 ;  ordinary  low  stage  of  water, 

676 ;  extreme  low  and  high  water, 670-689 ;  grade 


From  St.  Paul. 
MiUi. 

Above  the 

)sea. 

Feet, 

0-0 

703 

5-1 

899 

8-6 

986 

10-3 

951 

10-9 

966 

12-2 

1035 

14-5 

978 

20-9 

881 

231 

878 

25-5 

755 

CHICAGO,  BURLINGTON  AND  NORTHERN  RA.ILROAD  (THE  PART  IN  MIN- 
NESOTA). 

[Pmm  profile  in  the  oflice  of  Charles  C.  Upbam,  engineer,  St.  Paul.  Agreeinc  with  the  elevations 
ol  I  he  Mississippi  Kiver  at  St.  Paul  and  Hastings,  and  of  the  St.  Croix  Uiver  at  IVencott.  determined 
by  Uoiteil  Stater  engineers.] 


Miuueapolis,  union  depot 

St.  Paul,  union  depot 

Mi»8i.s8ip|>i  River  here,  low  and  high  water 

Dayton  Bluff 

New]K>rt 

CroiMtng  tht*  River  division,  Chicago,  Milwaukee  and  St. 

Paul  Railway  

Snminif,  natural  surface  and  grade 

Curry 

Mississippi  River,  beside  this  railroad   about  1|  miles 

above  Hastings,  ordinary  low  stage   of  water,  674  ; 

extreme  low  and  high  water 

CroHsing  ihe  River  division,  Chicago,  Milwaukee  and  St. 

Paul  Railway - 

8t.  Croix  Junction ._ 

CroH»ing  the  Stillwater  Branch,  Chicago,  Milwaukee  and 

81.  Paul  Railway 

Point  Douglas 

St. Croix  River, bed, 650;  ordinary  stage  of  water, 672; 

ex  treme  low  and  high  waU^r,  667-687 ;  grade 

Preaeott 


From  Minneuii- 
olis. 

Above  the  sea. 

Miles. 
0-0 
10-7 
10-7 

124 

18-8 

Feet. 
810 
703 
6H3-702 
707 
748 

18-9 
211 
26-5 

748 
756 
696 

295 

671-6-690-7 

30-6 
30-7 

692 
692 

30-9 
32-7 

695 

7(18 

33-4 
33-6 

700 
700 

MINNEAPOLIS,  SAULT  STE.  MARIE  AND  ATLANTIC  RAILWAY. 

[From  W.  W.  Rich,  engineer,  Minneapolis.] 

Referring  this  profile  to  sea  level  by  the  elevation  of  Lake  Superior,  ()02  feet,  it  is 
fonnd  to  be  3  feet  too  low  at  Minneapolis.  From  Minneapolis  to  the  third  crossing  of 
the  South  Fork  of  Beaver  Brook,  at  71*8  miles,  tlu)  clevalious  hero  given  accord  with 
the  accepted  elevations  of  St.  Paul  and  MinU'-apulin;  and  thence  eastward,  namely, 
from  Turtle  Lake  Station  (which  agrees  within  1  foot  with  the  Chicago,  St.  Paul, 
Minneapolis  and  Omaha  Railway)  to  Sault  Ste,  Marie,  they  accord  with  thi^t  of 
JjSkke  Saperior. 
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MINNEAPOLIS.  SAULT   STE.  MARIE  AND  ATLANTIC  RAIL W A Y-Con tinned. 


Minneapolis,  n Dion  depot 

Same,  depot  of  this  railway.  Foarth  avenue  and  Second 
street  northwest 

Mississippi  River  at  bridge  of  St.  Panl  and  Northern 
Pacific  Railroad  in  the  north  part  of  MiDueapolis.  used 
also  by  Ibis  railway,  river  bed.  783;  low  and  high 
water.  794-^03 ;  grade 

Crossing  the  St.  Panl,  Minneapolis  and  Manitoba  Rail  way 

Minneapolis  shops 

Sandy  Lake.  wator,838;  grade 

Summit  on  line  between  Anoka  and  Ramsey  Counties, 
cuttings  feet;  grade 

Wilson 

New  Brighton .' 

Maryland  Park — 

Island  Lake,  water,- 942;  grade 

Vaduais  Park 

Summit,  cutting  13  feet ;  grade 

Outlet  of  White  Bear  Lake,  water  (5  feet  below  the 
lake),  919;  grade 

Bald  Eagle  Junction,  at  crossing  of  the  St.  Paul  and 
Duluth  Railroad 

Garden  Place 

Pine  Lake,  water,  943;  grade 

Summit,  filling  5  feet;  grade 

Withrow 

Carnelian  Creek,  bed,  9:M);  grade , 

Maple  Island 

Summit,  grade 

Creek,  bed,  9*24;  grade 

Marine 

Otisville 

Sr.  Croix  River,  bed,  670;  low  water,  6H0;  extreme  high 
water,  697 ;  grade 

Bridge  near  Buttermilk  Falls,  bed  of  crock,  683;  grade. . 

Osceola 

Godfrey  Junction,  St.  Croix  Falls  Branch 

Switch  of  the  St.  Croix  Falls  Branch 

On  this  branch : 

Summit,  grade 

St.  Croix  Falls 

On  the  main  line  east  from  Godfrey  Junction  : 

Summit,  cutting  14  foet;  grade 

Nye 

Sucker  Creek,  be<1,  1,010;  water,  1,012;  grade 

Deronda 

Bear  Trap  Lake,  water,  1,038 ;  grade 

Amery 

Apple  River,  bed  1,051;  low  and  high  water,  1,05.^>-1063; 
grade  

Beaver  Brook,  first  crossing,  water,  1,067 ;  grade 

East  Lincoln 

Beaver  Brook,  second  crossing,  water,  1,083;  grade. 

Gregory  (a  summit  of  grade) 

South  Fork  of  Beaver  Brook,  first  crossing,  water.  1,115; 
grade 

Same,  second  crossing,  water,  1,132;  grade 

Same,  third  crossing,  water,  1,140;  grade 

Turtle  Lake  Station  (a  summit  of  grade),  at  crossing  of 
the  Chicago,  St.  Paul,  Minneapolis  and  Omaha  Rail- 
way  

Lightning  Creek,  bed,  1,145;  water,  1,147;  top  of  bank, 
1.172;  grade 

Say  River,  bed,  1,136;  water,  1,139;  bank,  1,187  grade., 


76-0 

821 
83-1 


From  Minneap- 
olis. 

Above  the  sea. 

Miles. 

Feet. 

0-0 

810 

0-5 

826 

1-8 

82.'> 

3-2 

847 

3-7 

847 

3-9 

851 

5-9 

950 

6-7 

933 

8-1 

920 

9-6 

926 

10-7 

950 

12-7 

b98 

15-4 

946 

18-4 

928 

18-5 

929 

191 

9;i2 

210 

948 

23*2 

1011 

24-1 

9c!0 

27-9 

951 

28-6 

961 

29-3 

978 

.  30-0 

955 

33*6 

927 

37-2 

788 

39-3 

706 

40-9 

728 

43-2 

809 

48-1 

950 

48-2 

954 

50-4 

1028 

52-2 

920 

49-4 

9H4 

52-6 

SHV5 

58-8 

1040 

59-9 

1066 

(U)-6 

1056 

63-2 

1070 

63-4 

1070 

651 

lO-S 

«)-6 

I3'0 

66-3 

1 103 

68-2 

1132 

69-9 

1122 

71-0 

1148 

71-8 

1151 

1258 

1169 
1X79 
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MINNEAPOLIS,  SAULT  STE.  MARIE  AND  ATLANTIC  RAILWAY— Continned. 


BftiTon 

Yellow  River,  bed,  1,062;  low  and  high  water,  1,085- 

1,090 ;  top  of  baok  and  grade 

Menominee  River,  bed,  1,065 ;  water,  1,069 ;  grade 

Pokegania  Creek,  bed,  1,052;  top  of  blaff,  1,096;  grade. 

Canton 

Sammit,  catting  15  feet ;  grade 

Wejerhaeaiier 

Brace 

Chippewa  River,  bed,  1,057 ;  low  aud  high  water,  1,062- 

1,U76;  .top  of  bank,  1070;  grade 

Flambeaa  Falls 

Flambean  River,  bed,    1,082;   low  water,   1,092-1,097; 

west  baDk,l,r<23;  eaet  bank,  1,150;  grade 

Deer  Tail 

Main  Creek,  bed,  1,270;  water,  1,272;  bank  1,300;  grade. 

Ingram , 

HawkiDS 

WiUard 

North  Branch  of  Jnmp  River,  bod,  1,420;  water,  1,422; 

top  of  bank,  1,470;  grade , 

Prentice 

Sammit,  filling  2  feet;  grade  (highest  on  this  rail  way). 

Bradley 

Tomahawk  River,  bed,  1,440;  low  and  high  water,  1,442- 

1,448;  bank,  1,470;  grade 

Big  Rice  Creek,  bed,  1,444;  water,  1,450;  bank,  1,477; 

^de 

\S'iscoD8in  River,  bed,  1,525 ; 'water,  1,52^;  bank,  1,545; 

grade , 

Bbinelander , 

Pennington , 

Gagen , 

Sammit,  cntting  10  feet;  ip'ade , 

Pe«httgo  River,  first  crossing,  bed,  1,618;  water,  1,C20; 

bank,  1,646;  grade 

Sinie,  second  crossing,  bed,  1,540;  water,  1,542;  bank, 

1,546;  grade , 

Armfitrong  Creek  Station , 

Pike  River,  bed,  1,209;  water,  1,212;  bank,  1,262;  grade. 

Pike  River  Station 

Ptnibine 

Soatb  Branch  of  Pembine  River,  bed,  808;  water,  610; 

gOMle 

^an  Home 

North  Branch  of  Pembine  River,  bed,  797;  water,  799; 

grade 

Mfoominee  River,  bed,  767;  low  aud  high  water,  791- 

"'J7;  grade 

Menominee  River  Station 

Meyer 

nermaoBville 

Cfdar  River,  be  J,  850;  low  and  high  water,  852-856; 

^rade , 

springer , 

Eastis 

Pord  River,  bed,  695;  low  and  high  water,  697-704; 

^.Kfade 

^«wball 

^^anaba  River,  bed,  597;  low  aud  high  water,  596- 

606;  grade 

JtatRock 

Gladstone , 

BolL  72 5 


From  Minneap- 

Oli8. 

Above  tbo  sea. 

MlJUs. 
91-4 

Feet. 

nil 

91-9 
94-8 
100-4 
1010 
110-7 
114-4 
121-6 

11«I4 
1095 
1077 
llUl 
i:i03 
1297 
1098 

122-7 
1300 

108-2 
114t/ 

131-2 
135-9 
144-5 
144-8 
149-4 
159-0 

1123 
1221 
1297 
13(il 
13r>5 
1493 

161-5 
170-9 
179-7 

197-8 

1449 
1551 
1696 
1473 

198-2 

1467 

201-7 

1468 

216-7 
217  0 
227-6 
231-4 
235-2 

ir>r,2 
ir)5r) 

lo45 
KiDl 

242-8 

1640 

247-2 
265-8 
275-6 
276-4 
289-7 

i:)52 

14-27 
1-<J52 
1222 

968 

295-1 
296-4 

827 

807 

297-4 

824 

301-9 
302  2 
3C5-7 
3110 

816 
816 
920 

887 

314-7 
314-9 
325-3 

861 

yio 

330-5 
330-9 

716 
709 

338-9 
339-3 
342-8 

636 
629 

1                   ^\% 
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MINNEAPOLIS,  SAULT  STE.  MARIE  AND  ATLANTIC   RAILWAY— Continued. 


Water  in  Haxniner's  Slon^h,  near  its  outlet  to  Little  Bay 

tie  Noc ..•.. 

Masonville 

W  li i t o  Fish  River,  bed,  577 ;  water,  583 ;  grade 

0>r«»n I z  River,  bed,  607 ;  water,  609 ;  grade 

Oj^oiitz - 

St tirgeon  River,  bed,  596;  water,  603;  grade 

Sturgeon  River  Station , 

Vnn  Winkle 

FiKhdani  River,  bed,  563;  low  and  high  water,  585-590; 

grade 

Cook's  Mill 

Delta  Junction 

South  Mauistique 

Manistique 

Manistique  River,  bed,  598;  low  and  high  water,  605- 

609;  grade 

Gulliver  Lake  Station 

McDonald  Lake  Station 

Pike  Luke  Station 

Scott's  Point  Station  (a  summit  of  grade) 

Kennedy 

Mille  CoquiuB  River,  bed,  611;  low  and  high  water,  615- 

621 ;  grade 

Mille  Coquins  Station 

Naubinway  Junction 

GilchriBt 

Black  River,  bed, 708;  water,770;  grade 

Snniuiit, cutting  6  feet;  grade 

Hall's  Siding 

Trout  Lake  Station 

Alexander C 

Pino  River,  bed,  621;  water,  625;  grade 

North   Branch  of  Pine  River,   bed,  623;    water,  629; 

grade 

Pine  River  Station 

Gravel  Pit, cutting  14  feet;  grade 

Dafter 

Lcland 

San  It  Sto.  Marie,  water  in  canal,  level  from  Lake  Superior 


frum    xaiuae- 

apoUs. 

Above  the  aea. 

MiUt. 

Feet 

343-8 

5S1 

3480 

r*93 

3501 

596 

359-0 

tU7 

359-5 

C-20 

362-7 

617 

363-1 

6-23 

369-3 

592 

369-7 

595 

3751 

702 

380-7 

667 

384-8 

590 

386-7 

613 

387-0 

616 

398-0 

626 

400-7 

622 

411-1 

749 

414-5 

772 

422-1 

675 

424-3 

6-29 

4250 

632 

428-9 

7-25 

431-6 

779 

432-9 

784 

4381 

886 

441-6 

864 

449-8 

836 

458-2 

815 

469-2 

678 

470-4 

682 

470-6 

683 

475-8 

753 

483-3 

695 

487-4 

656 

4941 

m 

MINNEAPOLIS  AND  PACIFIC  RAILWAY. 

iFrom  profile  In  the  office  of  "W.  W.  Kich,  engineer,  Minneapolis.    Referred  to  Bca  level  at  Minneapo- 
Im.  ancl  found  to  agree  exactly  or  closely  with  the  namerous  intersectiuK  railways  along  its  wholo 

ox  tent.] 


Minneapolis,  union  depot 

I^auie,  depot  of  this  and  the  Minneapolis,  Sault  Ste.  Marie 
and  Atlantic  Railways 

Shingle  Creek,  bed,  815 ;  water  in  mill  pond,  827;  grade. 

Camden  Place 

Crossing  the  St.  Paul,  Minneapolis  and  Manitoba  Rail- 
way   

Crystal 

Statibrdsville 

Summit,  natural  surface  and  grade 

Ilamel 

Loretto 

Summit, cutting  18  feet;  grade 

MMrmion 

South  Fork  of  Crow  River,  bed ,  H98 ;  water,  903 ;  grade. . . 

NoTlh  Fork  of  Crow  River,  bed,  696 ;  water,  902 ;  grade. . . 


0-0 

0-5 
3-8 
3-8 

7*3 
7-7 
11-5 
14-2 
160 
21-7 
23-6 
27-9 
281 
29-2 


j310 

1009 
&^ 

lon 

^13 
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MINNEAPOLIS  AND  PACIFIC  RAILWAY -Continued. 


Baffalo 

Trestle  bridge  near  Lake  Ramsey,  3ti  feet  high ;  grade. .. 

Maple  I>ake  Station 

Annandale 

South  Haven 

Clearwater  River,  bed,  1,0 15 ;  grade 

Einiball  Prairie 

Sninmit,cntting  5  feet;  grade 

Watkinsi 

Samniit,  cutting  6  fe<'t;  grade 

Depreneion,  grade 

Edfu  Valley 

Snmniit,  grade 

North  Fork  of  Crow  River,  bed ,  1, 118;  grade 

Payoesville •. 

North  Fork  of  Crow  River,  bed,  1,142;  grade 

Cioasiiig  the  St.  Paul,  Minneapolis  and  Manitoba  Rail- 
way   

Liiiionville 

North  Fork  of  Crow  River,  bed,  1,207 ;  grade 

Belgnule. 

Brobten - 

Thonon(a  snmmit  of  grfkdo)  

Depression,  grade 

East  Branch  of  Chippewa  River,  bed,  1,307 ;  grade 

Gleiitrood 

Cmming  the  Little  Falls  and  Dakota  (Northern  Pacific) 

Railroad 

Lowry 

Farwell 

Kensington  (a  summit  of  grade) 

pbippewa  River,  bed,  1,184;  grade. 

rloifman 

W'ater  course  tributary  to  the  Pomme  de  Terre  River, 

bed,  1,174;  grade 

PoQime  de  Terre  River,  bed,  1,145 ;  water,  1, 147 ;  grade . . . 

Kirrett 

Samioit,  natnral  surface  and  grade 

CrobHiog  the  St.  Paul,  Minneapolis  and  Manitoba  Rail- 
way  

Elbow  Lake  Station 

Wendell 

Herman  shore  of  Lake  Agassiz,  crest,  of  escarpment  of 

tnM,089;  grade 

Same,  ridge  of  beach  gravel  and  sand,  crest,  1,082 ;  grade. 
(Descent  eastward  from  this  beach  ridge,  7  feet; 
westward,  (i  feet  in  15  rods,  then  nearly  level  H 
rods,  foUowed  by  a  descent  of  16  feet  iu  18  rods, 
to  1,060  feet.) 

|^|MtroM  Beach  of  Lake  Agassiz,  crest,  1,049 ;  grade 

IJnUb  Beaches,  crests  (inconspicuous) 

flash 


^rossiog  the  Breckenridge  line  of  the  St.  Paul,  Minneap- 
olis aud  Manitoba  Railway 

tlliott 

5>«th  Branch  of  Rabbit  River,  bed,  976 ;  grade 

Ti-Iliiey *. 

Campbell  Beach  deposits  of  Lake  Agassiz,  crests  (incon* 
•picnons) 

«>i»de8  Sioux  River,  bed,  963;  grade 

^^pbell  Beaches,  crests  (inconspicuous),  079-984 ;  grade . 

••irnjount T 

^f^iog  the  Fargo  and  Southern  (Chicago,  Milwaukee 
M8t.Paul)fiiilway 


From  Minne- 
apoliii. 


IfOef. 

371 
44-3 
45-0 
51-2 
66-1 
58  2 
61-4 
64-4 
66-8 
69-2 

71  •5-721 
73-6 
77-4 
79-3 
82-8 
831 

84-6 

89-9 

90*8 

98-1 

104-8 

112-6 

113-4 

1150 

120-5 

121-8 
129-5 

i:J5-2 
i:w-4 

144-0 
145-7 

150-5 
152-9 
153-7 
156-2 

159-5 
160-4 
167-2 

1701 
170-3 


Above  the  8<ml 


Feet 


171-3 

176-0^176-5 

177-1 

179-0 
180-4 
180-9 
184-2 

186-9-187-5 
189-4 

190-9-191-4 
191-4 

191-7 


981 
1034 
105-J 

im\ 

llOi 
1080 
113-^ 
1190 
1162 
1179 
1107 
1123 
1217 
1164 
1172 
1172 

1184 
1220 
1218 
1273 
1314 
1334 
1321 
1330 
1390 

1415 

1368 
1339 
1318 
1202 
1246 

1230 
1163 
lUw 
1227 

1201 
1-ilO 
114d 

1081 
1073 


1048 

1012-1010 

1000 

991 
991 
991 
990 

983-980 

97:^ 

981-985 

985 
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MINNEAPOLIS  AND  PACIFIC  RAILWAY— Continaed. 


From  Minse- 
apolis. 


MiUt. 
195-1 


197-5 

199-8-200-1 

205-8 

207 -0-207 -3 


Above  the  seA. 


FeeL 


992 


989 

997 

1070 

1084-1085 


Beacb,  crest,  993;  grade 

(Descent  eastward  from  the  crest,  5  feet  in  25  rods ; 
westward, 5  feet  in  15  rods.) 

Oswald --- 

Small  dunes,  crests,  995-997 ;  grade 

Hankinson 

Milnor  Beaches  of  Lake  Agassiz  (incoDspicnons),  crests 
and  grade  the  same 

Crossing  the  St.  Paul,  Minneapolis  and  Manitoba  Rail- 
way     

Stiles 

Snmmit, cutting  7  feet;  grade 

Lidgerwood 

Alicia 

GrassCreek,  bed,  1,118;  grade ^ 

Ransom 

Wild  Rice  River,  bed,  1,112;  water,  1,117;  grade 

Perry 

Form'in 

Towanda  (a  summit  of  ^rade) , 

Crossing  the  Chicago,  Milwaukee  and  St.  Paul  Railway 

Summit, grade  (2  feet  above  the  natural  surface,  which 
is  fine  sand  in  dunes  2  to  3  feet  high) 

Nicholson , 

Summit,  grade  (1  foot  below  the  natural  surface,  which 
is  clayey  loam) , 

BabcocK 

Summit  at  a  pass  through  a  belt  of  morainic  hills,  cut- 
ting 4  feet;  grade , 

Oakes 

Crossing  the  Chicago  and  Northwestern  Railway , 

James  River,  about  100  feet  wide,  with  no  perceptible 
current,  bed  (clay),  1,286 ;  low  and  high  water,  1,289- 
1,295;  grade 

Clement 

Fnllerton 

Maple  River,  bed,  1,4*20;  low  and  high  water,  1,421- 
1,4-25;  grade 

BoyuUm 

Crossing  the  Chicago,  Milwaukee  and  St.  Paul  Railway 
near  Monango , 

South  Fork  of  Maple  River,  bed,  1,475;  water,  1,478; 
grade 


GREAT  NORTHERN,  (formerly  ST.   PAUL,   MINNEAPOLIS   AND   MANITOBA) 

RAILWAY  SYSTEM.!  ' 

[From  profiles  In  the  office  of  N.  D.  Miller,  engineer,  St.  Paal.] 
ST.  PAUL  TO  MINNEAPOLIS. 

[Referred  to  nea  level  by  the  elevation  of  the  Misnissippi  River  at  St  Panl,  determined  by  IJnitod 

States  engineers.] 


208-3 

1089 

2130 

1131 

214-5 

1137 

217-9 

1092 

223-7 

1157 

228-0 

1130 

229-2 

1131 

229-n 

1127 

2:M-9 

1205 

240-9 

1251 

246-3 

1318 

248-0 

1298 

248-9 

1322 

252-2 

1309 

253-8 

1344 

258-3 

1324 

261-6 

1343 

263-7 

1322 

263-9 

1321 

264-9 

1298 

271-5 

1394 

280-6 

1442 

284-4 

1435 

287-4 

1497 

288-4 

1505 

288-6 

1501 

From  St.  Paul. 


St.  Paul,extreQie  low  and  high  water  of  the  Mississippi 

River 

St. Paul,  union  depot... 

Under  the  Mississippi  Street  Bridge 

Under  the  Como  Avenue  Bridge 


MiUM. 


0  0 
0-0 
1-4 
2-8 


Above  the  sea. 


Feci 

G83-702 

703 

797 

857 


^Tbe  name  of  tbis  railroad  system  was  cbanged  in  1890. 
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GREAT  NORTHERN  RAILWAY  SYSTEM— Continued. 
ST.  PAUL  TO  MINNEAPOLIS— CoDtinoed. 


Como 

Haniline  (a  smninit  of  grade) 

Uigbest  nataral  snrface  cat  at  5-1, 5*4,  and  5*8  miles,  iu 

each  place 

St.Antfaon3^  Park 

Uniler  the  University  Avenue  Bridge 

Ea^t  MiDneapolis 

Stoue  arch  bridge,  ^rade 

Tail-race  from  Pillsbury  A  mill,  under  east  end  of  this 

bridge,  water 

Mississippi  River,  main  stream  under  this  bridge 

Same,  crest  of  St.  Anthony's  Falls,  under  west  end  of  this 

britlt^e,  ordinary  stage  of  wat-er  held  hy  dams,  794  ; 

highest  stage  of  flowage  by  dams,  796 ;  highest  stage 

of  floo*l8.802 

LioieFtono  ledge  under  west  end  of  bridge,  15  feet  thick, 

brink  of  original  fall  and  foundation  of  dam 

(This  coincides  with  the  vertical  fall,  15  or  16  feet, 
l^efore  the  dam  was  built.  The  fall  down  the 
"apron"  of  the  dam  is  about  30  feet, 794-704.) 

Minneapolis  depot 

Crossing  of  Washington  avenue  (former  site  of  depot). 


From  St.  Paul. 

Above  the  sea. 

Miles, 
2-9 
50 

FeeL 

858 
926 

51^-4-5-8 
6-9 

8-7 

9-4 

9'5-9'8 

938 

878 
813 
803 
803 

9-5 
9-6-9.75 

739 
743 

9-9 

794-802 

9-85 

765-780 

10-3 
10-8 

810 
830 

MAIN  LINE,   FROM  ST.  PAUL,    BY  ST.  CLOUD.   FERGUS    FALLS,  CROOKSTON,    AND 

GRAND  FORKS,  TO  GREAT  FALLS. 

(Befarred  to  sea  level  at  StPanl  aod  Minneapnits,  and  found  to  ngroe  ^xnctly  with  conueotin;:  rail, 
trays  at  East  St.  Cloud,  Sauk  Center,  Ferfi^is  Fallm,  and  Glynllou.] 

^  The  prolile  from  Glyndon  by  Crookst(m  to  Grand  Forks  gives  an  elevation  of  Grand 
Forks  5  feet  higher  tiian  tbe  proiilo  of  the  liue  from  Breckeuridgo  by  Moorhead  an«l 
Grand  F*orks  to  Necbe.  Leveling  by  United  States  engineers  along  the  Red  River, 
the  connections  with  branches  of  the  Canadian  Pacific  Railway  on  the  international 
bonudary  at  Emerson  and  Gretna,  the  survey  from  Carman  eastward  to  Leach  Lake, 
atid  tbe  agreement  of  the  Dakota  division  ot  this  main  line  with  thi  Jamestown  and 
Xortberu  Railroad  at  Devil's  Lake,  all  attest  the  correctness  of  tbe  lower  elevation 
o(  Grand  Forks,  and  show  that  the  corresponding  subtraction  of  5  feet  should  be 
applied  to  this  line  at  least  from  Carman  northwestward,  which  is  here  done.  Along 
toe  distance  between  Glyndon  and  Ciiriiian  a  subtraction  of  2  feet  is  made  in  its 
•oatbem  half,  extending  to  Ada,  and  of  3  feet  thence  northward. 

With  the  accepted  elevation  of  Grand  Forks,  tbe  prolile  thence  westward  agrees 
exactly  atLarimnre  with  tbe  lines  from  Everest  and  the  Northern  Pacific  Railroad 
by  way  of  Mayville  and  Portland  ;  and  the  same  elevation  of  Devil's  Lake  is  obtained 
by  leveling  from  this  railway  at  Devil's  Lake  Station  i\h  from  the  Jamestown  and 
Northern  Railroad  at  Minnewaukon. 

Fram  DoviPs  Lake  to  Great  Falls  tbe  profile  consists  of  several  series  of  leveling, 
referred  to  separaf^e  data.  These  are  here  reduced  to  sea  level,  and  the  elevation 
thna  obtained  at  Great  Falls  is  found  to  agree  exactly  with  leveling  to  that  place 
ftom  the  Northern  Pacific  Riulroad  at  Helena. 


8t.Paal 

Minneapolis 

Fridley  (formerly  Manomin).. 
Rice  Creek,  water,  817 ;  grade. 
Coou  Creek,  water,  828;  grade 

Anoka 

Ram  River,  water,  841 ;  grade 


From  St.  Paul. 

Above  the  sea. 

Miles. 

FeeL 

O'O 

703 

10-3 

810 

16'3 

844 

16-5 

843 

20-7 

854 

26.6 

879 

27-2 

862 
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GREAT  NORTHERN  RAILWAY  SYSTEM— Continued. 

MAIN  LlNE-OontinQed. 


Itasca 

Elk  River  Station 

Junction  of  the  Princeton  Branch 

Elk  River,  water,892;  grade 

Bailey's 

Big  La^^e  Station 

Becker 

Clear  Lake  Station 

Haven.   

East  St.  Cloud 

(From  this  station  the  St.  Paul  and  Northern  Pacific 
Railroad,  which  thus  far  lies  side  by  side  with  this, 
continues  north  along  the  east  side  of  the  Missis- 
sippi to  Brainerd.) 

Mississippi  River,  low  water  before  the  dam  was  built, 
965 ;  su  me,  as  now  raised  by  the  dam,  975 ;  grade 

St.  Cloud 

Same,  junction  with  Clearwater  Branch 

St.  Cloud  .Junction,  with  Willmar  Branch 

Sank  Ri  ver,  bed,  l,0;i3 ;  water,  1,035 ;  grade 

St.  Joseph 

Watab  River,  water,  1,058 ;  grade 

CoUegeville 

Summit,  cutting  12  feet;  grade 

Avon 


South  Branch  of  Two  Rivers,  water,  1,137;  grade 

Albany  

Summit,  cutting  5 feet;  grade 

Getchell  Creek,  water,  1,191 ;  grade  .... 

Freeport  (formerly  Oakes),  a  summit  of  grade 

Sauk  River,  bed,  1,168;  water,  1,172;  gri^e 

Melrose - 

Sauk  River,  water,  1,201;  grade 

Summit,  cutting  11  feet;  grade 

Sauk  River,  bed,  1,209 ;  low  and  high  water,  1,213-1,223 ; 

grade  

Sank  Center  Station,  and  crossing  the  Little  Falls  and 

Dakota  (Northern  Pacitic)  Railroad 

Same,  junction  with  Sauk  Center  and  Northern  Branch.. 

Hazel  Creek,  water,  1,236;  grade 

Summit,  grade 

Ashley  Creek,  water,  1,277  ;  grade 

Silver  Croek,water,  1,272;  grade 

West  Union 

Osakis 

Osakis  Lake,  water,  about 

Summir,  cutting  7  feet;  grade 

Nelson 

Summit,  cutting  7  feet;  grade 

Outlet  from  Lake  Victoria  to  Lake  Geneva,  water,  1,355; 

grade \ 

Summit,  cutting  14  feet;  grade 

Alexandria - 

Lakes  Winona  and  Agnes,  near  Alexandria,  about 

Long  Prairie  River,  flowing  southward,  above  its  entrance 

into  Mill  Lake,  water,  1,349 ;  grade 

Garfield 

Summit,  cutting  13  feet;  grade,  highest  on  this  railwaj*^ 

in  Minnesota '. 

Aldrich  Lake,  water,  1,391 ;  grade 

Brandon  


From  St.  Paul.    Above  Uie  sea. 


UUf. 

Feet. 

33-7 

887 

38-5 

892 

39-2 

905 

43-0 

906 

43-6 

917 

47-6 

936 

55*5 

973 

62-5 

993 

68-6 

1014 

73-6 

1026 

74-2 
74-6 
75-0 
76-5 

78' 
82" 
82- 
84- 
87- 


1 
•1 
•7 
•9 
•6 


90-3 

94-5 

96-3 

98-8 

101-3 

102-6 

106-3 

108-5 

110-8 

114-2 

115-8 

116-8 
117-3 
117-8 
120-7 
121-8 
122-5 
124-6 
130-5 
130-5 

i:«-5 

136-1 
137-9 

1391 
140-3 
141-5 


144  5 
148-3 

149-8 
151-9 
154-0 


1032 
1037 
1040 
1048 

ior.0 

1088 
1075 
1094 

\\m 

1131 
1144 
1201 
1250 
1203 
1240 
1185 
1211 
1213 
1277 

1237 

1255 
1257 
1257 
1330 
1-289 
1281 
1337 
1343 
1310 
1408 
13(^9 
1425 

1373 
1416 
1391 
1365 

1367 
1417 

1451 

1404 
1388 
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GREAT  NORTHERN  RAILWAY  SYSTEM— Continued. 

MAIN  LINE^Conlioued. 


Chippewa  River,  water,  1,339;  grade 

EvansviUe,  junction  of  branch  to  Tintab 

Summit,  cntting  30  feet ;  grade 

Ootlet  from  Lake  Christina  to  Pelican  Lake,  water  (ap- 
proximately the  same  as  these  lakes),  1,215 ;  grade 

Interlaken 

Aahby 

Summit,  cutting,  10  feet ;  grade 

Pelican  Creek,  water,  1,2:^ ;  grade 

Dalton  (a  summit  of  grade) 

Pooime  de  Terre  River,  bed,  1,225 ;  water,  1,226 ;  grade  . 

Parkdaltj 

Sand  Lake,  water,  1,187;  grade 

Summit,  cutting  13  feet ;  grade 

Crossing  the  Northern  Pacific,  Fergus  and  Black  Hills 
Railroad 

Fergus  Falls,  freight  depot 

Red  River,  water,  1,178;  grade 

Fergus  Falls,  passenger  depot 

Summit,  natural  surface  and  grade 

Pelican  River,  water,  1^151;  grade 

Carlisle 

Saoie,  junction  of  branch  to  Elizabeth 

Ou  this  branch : 

Summit,  cutting  8  feet ;  grade 

Summit,  cutting  3  feet ;  grade 

Elizabeth 

On  the  main  line  northwestward : 

Lake,  water,  1,220;  grade 

Rothsay 

Lam^ndale,  crest  of  Upper  or  Herman  Beach  of  Lake  Agas- 
sis, excavatt^l  for  ballast  along  a  spur  track  extending 
a  third  of  a  mile  north  from  the  tank,  1,092-1,095 ;  grade 
at  tank 


From  St.  Paal. 


Above  the  sea. 


Small  beach  deposits,  crest  and  grade  the  same 


(Again  small  beach  deposits  are  crossed  at  211*2, 
211*3,  and  211*5  miles,  with  crests  respectively  at 
1,057,  l,054,and  1,051  feet.) 

TiDtah  Beach  of  Lake  Agassiz,  crest  and  grade  the  same. 

Bamesville 

Willow  River  (more  commonly  called  Whiskey  Creek), 
bed,  994  ;  grade  (at  junction  of  line  to  Breckeuridge)  .. 

Jnnction  of  line  to  Moorhead 

Sieber's  Creek,  water,  979 ;  grade 

Buffalo  Creek,  tributary  to  tbe  South  Branch  of  Buffalo 
Kiver»  water,  957;  grade 

Downer 

Glyndon,  station  and  crossing  the  Northern  Pacific  Rail- 
road  

Buffalo  River,  bed,  903;  water,  908;  grade 

Averill 

Felton 

Borup 


Wild  Rice  River,  bed,  895 ;  water,  900 ;  grade. 

Marsh  River,  water , 

Ada 


LoDg  Lake, former  channel  of  the  Wild  Rice  River,  then 
passiag  westward  in  the  present  coursu  of  Marsh  River, 
water 


MiUt, 
157*1 
159*2 
160-1 

165*6 

165*9 

168-3 

168-35 

169  6 

175-8 

178-5 

179-3 

185-7 

I860 

186*3 
186-5 
186*6 
187-2 
190-0 
191-8 
195-2 
195-5 

197*2 
197*9 
199*0 

198-8 
203*8 


209*5 

2106 

and 

210*7 


FuL 


217-6 
217*9 

218*3 
218-9 
•220-6 

223*2 
225*7 

235*3 
236-9 
241-8 
249-6 
254*9 
262*6 
2(>4*6 
265-2 


265-5 


1369 
1353 
1378 

1227 
1230 
1293 
1296 
1251 
i:i59 
1261 
1276 
1188 
1197 

1194 
1189 
1190 
1210 
12S7 
1173 
1226 
1219 

1282 
1284 
1257 

1225 
1190 


1089 
1067 


1027 
10'.^0 

1009 

1000 

989 

903 
965 

9-25 
921 
917 
915 
911 
909 
890 
IK)6 


901 
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GREAT  NORTHERN  RAILWAY  SYSTEM-Continued. 

MAIN  LINE^-Contlnned. 


Lockliart 

Koletto 

Beltrami 

Saiitl  Hill  River,  water,  i^5;  grade 

Russia 

Kittson 

Bnriiham  Creek,  water,  H68;  grade 

Carman,  joDction  of  FosstoD  Branch 

Red  Lake  River,  water,  833 ;  grade 

Crookston 

Bliitl'  north  of  Red  Lake  River,  natural  snrface,  886; 

grade , 

J  unction  wi  th  line  to  St.  Vincent 

Beacli  of  Lake  Agassi z,  excavated  for  hallast,  crest,  882; 

grade  

Fisher 


From  St  Paul. 


Grand  Marais Slough  (former  channel  of  Red  Lake  River), 

bed, ^30;  grade 

Mallory 

East  Grand  Forks 

Red  River,  bed,  779;  lowest  stage  of  water  in  ordinary 
yea  1-8, 784-786;   highest  stage  in  ordinary  years,  800- 
820;  extreme  high  water  (in  spring,  1882)',  828;  grade.. 
Grand  Forks,  324*5  miles  from  St.  Paul  by  this  line,  but 

only  320*3  miles  by  way  of  Moorhead 

Junction  of  line  toNeche 

University 

Grand  Forks  Junction,  of  line  to  Moorhead,  317-0  miles 

from  St.  Pinl  by  that  line 

Salt  Cooley,  bed,  832;  grade 

Ojata  

Beginning  of  ascent  westward,  natnral  surface,  862-865; 

grade 

Crest  of  escarpment  eroded  in  till,  a  beach  of  Lake  Agas- 

siz 

Crest  of  next  beach,  a  typical  gravel  ridge  10  feet  above 

the  surface  eastward,  894  ;  grade 

Emerado 

McCauleyville  Beach,  crest,  991 ;  grade 

(This  beach  ridge  is  about  50  rods  wide  (including 
the  slopes) ;  the  descent  from  its  crest  is  18  feet  to 
the  east  and  8  feet  to  the  west.) 

Campbell  Beach,  crest,  1,014 ;  grade 

(This  beach  ridge  is  about  60  rods  wide  ;  the  descent 
from  its  crest  ig  23  ieet  to  the  east  and  9  feet  to 
the  west.) 

Arvilla    

Lower  Tintah  Beach,  crest 

Upper  Tintah  Beach,  crest 

Lower  Norcross  Beach,  crest 

Upper  Norcross  Beach,  crest 

(These  four  beach  ridges  are  small,  being  from  20  to 
30  rods  wide  and  4  to  6  feet  high.) 
Herman  (d)  Beach,  represented  by  two  or  three  such 

small  beach  ridges,  crests ' 

Herman  (c)  Beach,  second  ridge,  crest  and  grade  the  same. 
(This  beach  ridge  is  50  or  60  rods  wide,  and  rises  9 
feet  above  the  land  on  each  side.) 
Herman  (c)  Beach,  first  ridge,  crest,  1,133 ;  grade  (at  junc- 
tion of  line  to  Mayvilleand  Portland) 

(This  beach  ridge  is  40  rods  wide,  and  rises  7  feet 
above  the  land  on  each  side. ) 


AtMve  the 


MQst. 
275-0 
276-7 
2820 
282-5 
2880 
292-3 
293-0 
298.0 
2990 
299-3 

299-7 
300-5 

302-8 
310-1 

312-1 
317.5 
323-4 


3-23-9 


341-2 


3420 
343-7 
3441 
344-6 
3450 


340-3-346-6 
347-5 


347-8 


FeeL 


893 
892 
901 
903 
892 
885 
882 
877 
863 
863 

876 

885 

879 
852 

846 
837 
831 


829 


320-3 
320-6 
3221 

830 

an 

8J3 

3-23-6 

:«o-i 

331-2 

836 

850 

858 

333-6 

866 

333-9 

880 

335-7 
335-9 

S40-8 

893 
898 
985 

1003 


1017 

1055 
1070 
10?;0 
1092 


1118-1123 
1134 


1130 
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GBEAT  NORTHERN  RAILWAY  SYSTEM—Con tinned. 

MAIN  LI2^£— Continued. 


Larimore,  346*7  miles  from  St.  Paul  by  way  of  Portland, 

345*9  miles  by  Mayville 

(The  next  4  miles  of  this  line  are  nearly  level,  with 
Tery  slight  undulations  and  small  water  courses, 
the  elevation  all  the  way  being  1,130,  or  2  or  3 
feet  above  or  below  this.) 
Park  River  Junction,  of  line  to  Park  River  and  Langdon. 

Herman  (h)  Beach,  crest  and  grade  the  same 

(This  beach  ridee  is  about  20  rods  wide  (including 
the  slopes) ;  the  descent  from  its  crest  is  10  feet  to 
the  east  and  4  feet  to  the  west.) 
Herman  (a)  Beach,  marking  the  highest  shore  of  Lake 

Agaasiz, crest,  1,162;  grade 

(This  beach  ridge  is  of  similar  size  with  the  last. 
The  next  12  miles  westward  have  a  very  uniform 
and  continuous  ascent,  with  no  evidences  of  shore 
lines.) 

Niagara 

Top  of  westward  ascent,  natural  surface,  1,525 ;  grade  . . . 

L«ake,  water,  1,515 ;  grade 

Lake,  water,  1,516;  grade 

Petersburg 

(The  surface  in  this  vicinity  is  moderately  undulat- 
ing, with  its  cresfe  10  to  15  feet  above  the  hollows 
and  lakelets.) 

Slouch,  water,  1,522;  grade 

Michigan  City 

(The  hishest  undulations  crossed  within  4  miles  east 
and  the  same  distance  west  from  Michigan  Citvrise 
only  to  1,5.30  feet.) 

Mapee 

Depression,  called  *'  low  bottom  land,''  natural  surface, 

1,500-1,503;  grade 

Lakota 

Summit,  cutting  3  feet ;  grade  (highest  between  the  Red 

River  and  Devil's  Lake) 

Bartlett 

(Thence  an  undulating  surface  slowly  falls  to  1,465- 
1,475  at  401  miles.  In  the  next  8  miles  west  to 
Devil's  Lake  the  surface  continues  very  undulat- 
ing, with  its  crests  10  to  25  feet  above  the  depres- 
sions, nowhere  lising  so  high  as  1,500  feet.) 

Devil's  Lake  Station 

Leveling  from  this  station,  for  the  U.  S.  Geological 
Survey,  gives  the  following: 

Deril's  Lake,  water  (August  8, 1887) 

Same,  lowest  and  highest  stages  during  the  years  1880- 

188SI 

Stomp  Lake,  water  (August  12, 1887) 

(From  a  survey  in  June,  1887,  for  proposed  water- 
works for  the  city  of  Devil's  Lake,  the  elevation 
of  Sweetwater  Lake  at  that  date  was  ascertained 
to  be  1,468  feet.  Its  lowest  and  highest  stages  are 
approximately  1,466-1,470  feet.) 

Grand  Harbor ^ 

Haavaise  Coul6e^  bed,  1,441 ;  high  wat«r,  1,447 ;  grade. . . 

Church's  Ferry,  junction  of  the  Cando  Branch 

Summit,  natural  surface  and  grade 


Battle  Creek,  bed,  1,531 ;  grade 

York 

Sununit,  cutting  5  feet ;  grade . 


From  St.  Paul. 


MUeM. 
348-2 


350-6 
352*4 


352-8 


362-1 
365-0 
365-1 
366-4 
368*4 


370-8 
374-1 


378-9 

382-0-382-6 
384-7 

385-6 
388-4 


409-0 


Above  the  sea. 

Feet. 
1134 


1133 
1146 


1158 


1440 
1519 
15-JO 
1518 
1519 


1525 
1517 


1526 

1505 
1514 

1532 
1529 


1464 


1431-6 


1430-1434 
1417 


416-1 

1454 

427-4 

1450 

427-9 

1458 

434-1 

1.527 

439-3 

1514 

442-8 

1569 

445-5 

1612 

447-4 

1642 
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GREAT  NORTHERN  RAILWAY  SYSTEM— Con tiuued. 

MAIN  LIN£-Ck>iitiiiaed. 


Knox 

firoken  Bone  Summit,  catting  4  feet ;  grade 

Pleasant  Lake  Station 

Alkali  flatSf  grade 

Rugby,  junction  of  the  Bottineau  Branch 

Depression,  ^^dry  slough/'  natural  surface,  1,484-85; 
grade 

Berwick 

Towner 

Mouse  (or  Souris)  River,  bed,  about  1,441;  high  water, 
1,455 ;  grade 

Denbigh 

Granville 

Suinuiit,  grade  (1  foot  above  the  natural  surface) 

Norwich 

Summit,  natnral  surface  and  grade 

Mouse  River,  bed,  1,532;  grade 

Minot 

Cut,  35  feet  deep ;  grade 

(From  529  to  536 '9  miles  the  surface  ascending  west- 
ward is  very  uneven,  having  frequent  cuts  and  fills 
of25to40feet.) 

Gassman  Coul^,  bed,  1,568;  bottom  land,  1,585;  grad6. 
(This  is  crossed  bv  a  trestle  95  to  100  feet  high  and 
1,000  feet  long.) 

Top  of  steep  westwardly  ascending  grade  (also  the  nat- 
ural surface) 

(Thence  a  moderately  undulating  surface  extends  to 
the  west.) 

DesLacs 

Big  Mary's  Coul6e,  bed,  1,849;  grade 

(This  is  crossed  by  a  trestle  75  feet  high  and  400  feet 
long.) 

Lone  Tree 

Berthold 

Creek,  bed,  2,172;  grade 

Summit,  cutting  10  feet;  grade 

Wallace 

Depression,  natural  surface,  2,165;  grade 

Delta  (a  summit  of  grade,  cutting  10  feet) 

Ravine,  bed,  2,133;  grade 

Elton 

Stanley 

Summit,  cutting  5  feet;  grade 

Ross 

Manitou 

White  Earth  River, bed, 2,067;  water,2,070:  grade 

White  Earth 

West  Fork  of  White  Earth  River,  bed,  2,091:  water, 
2,096;  grade 

Tioga 

Snmmit,  cutting  9  feet;  grade 

Creek,  bed,  2,239;  grade 

Ray 

Creek,  bed,  2,236 ;  grade 

Summit  of  the  Coteau  du  Missouri,  cutting  4  feet;  grade 
(highest  between  DoviFs  Lake  and  the  Missouri  River) 

Wheelock 

Spring  Brook  Station 

A voca  

Little  Muddy  Creek,  North  Dnknta,  bed,  1,826;  water, 
1,828;  grade 


From  St.  Panl. 

Above  the  sea. 

MiUt. 

Feet. 

451-6 

1605 

454-6 

1655 

4570 

1603 

458-5-459-5 

1570 

465-9 

1561 

472-7-473-6 

1489 

477-7 

1482 

485-0 

1475 

486-4 

1458 

491-2 

1485 

504-7 

1503 

511-2 

1544 

512-6 

1526 

519-5 

1630 

526-5 

1554 

526-9 

1557 

531-3 

1671 

531-7 


536-9 


647-0 


1682 


1847 


538-6 

1897 

5411 

1925 

544-9 

1995 

549-7 

2082 

554-2 

2192 

557-2 

2:>36 

559-5 

2182 

560-0 

2177 

566-3 

2258 

570-7 

2161 

573-3 

2195 

581-3 

2-252 

58:^-6 

2:n8 

588-6 

2-287 

593-1 

2275 

600-2 

2093 

600-5 

2087 

6031 

2102 

610-0 

2273 

614-8 

2347 

617-3 

2-272 

618-3 

2271 

6210 

2260 

6-25-0 

2391 

6-261 

2374 

634  5 

2113 

641-7 

1956 

1854 
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GREAT  NORTHERN  RAILWAY  SYSTEM— Continued. 

MAIN  LINE-Continued. 


MisBonri  Rirer  at  month  of  Little  Mnddy  Creek,  low  and 

high  water - 

Williston 

Miasoan  River  here,  low  and  high  water 

Missonri  River,  high  water,  1887 

Cut,  46  feet  deep,  on  the  eastern  boundary  of  the  Fort 

Baford  military  reservation ;  grade 

Painted  Wood  Creek,  bed,  1,847;  grade 

Trenton 

Buford 

Missouri  River  here,  at  Fort  Buford  and  mouth  of  the 

Yellowstone  River,  low  and  hich  water,  about 

Line  between  North  Dakota  and  Montana,  grade 

Willows 

Bftttomland  of  the  Missonri  Ri  ver  here 

Missonri  River,  extreme  high  water,  increased  by  ice 
gorge,  1881 

Little  Muddv  Creek,  Montana,  bed,  1,884;  grade  (Bridge 
No.l8y)..'. 

Same,  bed,  1,905;  grade  (Bridge  No.  lUo) 

Kilva 


Snminit,  cntting2feet;  grade 

Lanark 

VTestern  boundary  of  Fort  Buford  military  reservation, 

giudo 

Culbertson 

Big  Muddy  Creek,  bed,  1,895 ;  water,  1,90) ;  grade 

Blair 


Missonri  River,  high  water,  1861 

C'alalg 

Brockton ..--. 

•i*oplar 

J^ii«souri  River  here,  extreme  low  and  high  water 

jyphr  River,  low  and  high  water,  1,939-1,953 ;  grade 

£helgea 

^»con 

S'^IfPoint , 

J  olf  Creek,  bed,  1,982;  grade 

^'«aouri  River,  high  water,  1888 

J^S'Vego 

hV^^^L 

ii'ntyre 

jMt River  Station  ..i 

'*'i*^ouri  River  at  mouth  ot  Milk  River,  Ibw  and  high 

^ '^ater,  abont 

*;*^t  Fork  of  Big  Porcupine  Creek,  bed,  2,033 ;  grade 

5'*?  Porcupine  Creek,  bed,  2,036;  grade 

Sf;?^n» 

oi^^*^iy 


From  St.  Paul. 


MiUs. 

647-0 

648-4 

648-4 

650-4-651-4 

654-1 
657-6 
659-7 
668-6 

668-6 
670-9 
677-1 
677-1 

678-0 

681-1 
6J^3-0 
686-0 
688-7 
693-1 


a}^  River,  first  crossing,  bed,  2,049 ;  grade 

^'ockholm 

^«»t«lope  Creek,  bed,  2,076;  grade 

i^nipico 

Summit,  cutting  2  feet ;  grade 

^^adalia 

"^^artale 

^»^er  Creek,  first  crossing,  bed,  2,145;  water,  2,153; 

Ktade 

^J^a^perton 

^Jiver  Creek,  second  crossing,  bed,  2, 153 ;  grade 

o^Die,  third  crossing,  bed,  2, 154;  grade 


Above  the  sea. 


1823-1846 
1K)4 

1825-1848 
1851 

1874 
1864 
1894 
1944 

1855-1S75 
1908 
l.St^9 
1875 

1890 

1907 
1926 
1955 
2000 
1976 


693-9 

1971 

700-5 

1913 

705-4 

1918 

706-6 

19-20 

708-3 

1919 

714-9 

1934 

723-3 

1945 

733-8 

1955 

733-8 

1935-1952-5 

734-4 

m^7 

742-6 

1980 

748-7 

1976 

754-6 

1995 

756-6 

2002 

759-4 

1992 

766-1 

2018 

7731 

2072 

778-5 

2082 

784-5 

2048 

784-5 

2020-2040 

788-4 

2057 

789-2 

2058 

790-1 

2060 

798-0 

2086 

804-3 

2087 

806-6 

2092 

809-1 

2093 

811-3 

2098 

814-9 

2105 

817-9 

2146 

821-4 

2120 

829-0 

2162 

837-4 

2170 

838-3 

2163 

839-9 

2172 

840-7 

2173 
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GREAT  NORTHERN  RAILWAY  SYSTEM— Gon tinned. 

MAIN  LINE-^ontmnocL 


Saco 

Beaver  Creek,  fonrth  crossing,  bed,  2,159;  high  water, 
2,175;  grade 

AHbfield 

Beaver  Creek,  fifth  crossing,  bed,  2, 185 ;  low  water,  2,188 ; 
grade 

Bowdoin 

Malta , 

Milk  River,  second  crossing,  bed,  2,211 ;  ordinary  stage  of 
water,2,220;  high  water,  2,239 ;  grade: 

Exeter 

Wagner 

Dodson 

Eureka  (asnmmit  of  grade) 

Savo3^(al8oasummitof  grade ) 

Waj'ne 

Parallel  Creek,  bed,  2,326;  grade 

Harlem 

Zurich 

Morris  Creek,  bed,  2,3G1;  grade 

East  Fork  of  Milk  River,  bed  and  water,  about  2,361 ; 
grade 

North  Fork  Station 

West  Fork  of  Milk  River,  grade 

Chinook  (Fort  Belknap) 

MilkRiver,  third  crossing,  bed,  2,403;  water,  2,406;  grade. . 

Yantic 

Milk  River,  fonrth  crossing,  bed, 2,421;  grade 

Same,  fifth  crossing,  bed,  2,421;  grade • 

Box  Elder  Creek,  bed,  2,437;  grade 

Toledo 

Havre 

Assinniboine ^ 

Laredo 

Box  Elder 

Box  Elder  Creek,  bed,  2,647;  grade 

Big  Sandy  Station 

Verona : 

Coal  Banks  Coul^,  bed,  2,754;  grade 

Cairo 

Dry  Fork  siding 

Dry  Fork  summit,  cntting  4  feet ;  grade 

(A  slightly  undulating  profile,  with  no  deep  cutting, 
reaches  across  the  watershed  that  divides  the  Milk 
and  Missouri  Rivers,  to  this  summit,  which  lies 
within  the  Upper  Missouri  basin.  Descending  be- 
yond Dry  Fork  summit-,  a  gradient  of  53  feet  per 
mile  reaches  from  1,013*2  miles,  grade,  2,979«  to 
1,017-8  miles,  grade,  2,735.) 

Marias  River,  bed,  2,545 ;  grade 

Missouri  River  at  mouth  of  Marias  River,  low  and  high 
water,  about 

Marias 

Teton  River,  bed,  2,544 ;  grade 

Teton 

In  Government  Coulde,  very  steep  ascent,  grade 

Summit  of  ascending  grade 

Benton 

Missouri  River  at  Fort  Benton,  ordinary  stage  of  water, 
about 


From  St  Paol. 


Above  the  sea. 


MUet. 

8430 


1021-7 


1033-7 


Feet. 


2175 


843-5 

2178 

853-0 

2205 

853-4 

2207 

801-2 

2209 

870-1 

2242 

870-4 

2245 

874-9 

2254 

881-2 

2258 

887-5 

2279 

893-2 

2301 

900-5 

2324 

906-0 

2332 

913-0 

2346 

914-6 

2359 

922-9 

2:^63 

925-7 

2375 

929-6 

2381 

930-0 

2381 

934-9 

2397 

936-3 

2401 

941-7 

2423 

943-8 

2431 

947-0. 

2443 

947-4 

2444 

950-2 

2454 

950-5 

2455 

957-5 

2472 

964-9 

2576 

972-2 

2627 

981-9 

2669 

982-7 

2664 

992-6 

2690 

998-3 

2708 

1002-3 

2793 

1005-1 

2837 

1011-7 

2984 

1012-4 

3004 

2564 


1021-7 

2545-2560 

1022-3 

2561 

1023-0 

2563 

1027-4 

2626 

1029-1 

) 

to 

>  265&-2834 

1030-6 

s 

1030-8 

2848 

1033-7 

2850 

2565 
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GREAT  NORTHERN  RAILWAY  SYSTEM— Continued. 

KAIN  LINE— CoDtinaed. 


Tnnis. 

Sidney 

Flowerree 

Huntley  Conl6e,  bed,  3  103 ;  grade 

Summit,  cutting  3  feet ;  grade 

Reef  Coa]6e,  bed,  3,291 ;  grade 

Porta;;«» 

Misaonri  River  at  mouth  of  Portage  River  (High wood 
Creek),  foot  of  series  of  falls  and  of  portage  IS  miles 
long 

Samniit,  cntting  10  feet ;  grade 

Portage  Conl^,  bed,  3,455 ;  grade 

Depression,  crossing  Black  Horse  Lake,  surface,  3,396- 
3,401;  grade 

Watson 

Sommity  grade  ( 1  foot  above  natural  snrface) 

Johnstown,  junction  of  spur  track  to  Great  Falls 

Sun  River,  bed,  3,291;  ordinary  stage  of  water,  3,299; 

high  water,  3,306 ;  grade 

Mifwonri  River  at  mouth  of  Sun  River,  ordinary  low 

stage  and  high  water 

Connection  with  the  Montana  Central  Railway,  at  south- 
west end  of  the  bridge  over  Sun  River,  grade 

On  the  spur  track  to  Great  Falls : 

Missouri  River,  at  head  of  portage  and  succession  of 

falls  and  rapids  extending  18  miles,  reported  to 

amount  in   total   to  512  feet,  ordinary  stage  of 

water,  3,295;  high  water,  3,302;  grade  on  bridge. 

Great  Falls 


From  St.  Paul. 


Miles. 
1040-9 
1047-0 
1052-0 
1053-2 
1035-9 
1057-2 
1059-3 


1059-3 
1061-9 
106-2-1 
1064-6 

to 
1065-9 
1068-5 
1069-1 
1075-7 

1076-0 

10760 

1076-05 

1076-2 

to 
1076-4 

1076-7 


Above  the  sea. 


Feet. 


\ 


2957 
3098 
3203 
3227 
3364 
3318 
3413 


2783 
8502 
3499 

3403 

3470 
3480 
3311 

3320 

3299-3306 

3321 

3312 
3312 


PRINCETON  BRANCH,  ELK  RIVER  TO  MILACA. 
[This  agrees  exactly  at  Milaca  JuDction.] 


Elk  River  Station 

Jnnction  with  the  main  line  (Elk  River  Junction) 

Snnimit,  cutting  10  feet;  grade 

Secoud  Himimit,  cutting  10  feet ;  grade 

Priocetou 

West  Brauch  of  Rum  River,  bed,  952;  water  (mill-pond), 

959 ;  high  water,  964  ;  grade '. 

Month  of  the  West  Branch  of  Rum  River,  water 

Milaca  Junction,  line  Irom  Duluth  to  St.  Cloud  and  Sioux 

FallH 

Milaca 


SAUK  CENTER  AND  NORTHERN  BRANCH. 


Sank  Center : 

Same,  junction  with  the  main  line-. 
Hobogan  Creek,  water,  1,232 ;  grade 
Afibley  Creek,  water,  1,241;  grade.. 

Souiniit,  cutting  8  feet;  grade 

Creek,  water,  1,2^  ;  grade 

Little  Sauk 

Sank  River,  water,  1,240;  grade 

Sam m it,  natural  surface  and  grade  . 
Creek,  water,  1,296 ;  grade 


116-8 
117-3 
117-7 
120-4 
122-0 
122-8 
126-8 
1-26-9 
129-6 
134-5 


1255 
1257 
1248 
1259 
1300 
1271 
1253 
1253 
1347 
1301 
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GREAT  NORTHERN  RAILWAY  SYSTEM-Continued . 
SAUK  CENTER  AND  NORTHERN  BRANCH-Continned. 


Long  Prairie 

Long  Prairie  River,  water,  1,287 ;  grade 

Dick*8  Creek,  water,  1,2(59;  grade 

Browerville 

Clarissa 

Eagle  Creek,  water,  1 ,329 ;  grade 

Same,  water,  1,346;  grade 

Eagle  Beud,  about 


From  St.  Paul. 

Above  tho  aea. 

MUea. 

Feet. 

135-4 

1299 

135-7 

1294 

142-8 

1279 

1430 

U&Z 

148-6 

1332 

1501 

i:»9 

1523 

1354 

153-2 

1380 

EVANSVILLE  AND  TINTAH  BRANCH. 

[This  agrees  with  the  Minneapolis  and  Pacific  Railway  near  Elbow  Lake,  and  with  the  Breckenridge 

line  at  Tin  tab.] 


Evansville,  junction  with  Fergus  Falls  line 

Summit,  cutting  13  feet,  grade 

Erdahl 

Poiiime  de  Terre  River,  bed,  1,157;  water,  1,160;  grade. 

Thorsborg 

Summit,  cutting  2  feet;  grade 

Crossing  the  Miuneapolis  and  Pacific  Railway 

Elbow  Lake  Station - 

Depression,  filling  15  feet ;  grade 

Summit,  natural  surface  and  grade 

Hereford 

Herman  Beaches  of  Lake  Agassiz,  crests,  respectively.. 

Tintah,  junction  with  the  Breckenridge  division  and  sta- 
tioD,  L93'0  miles  from  St.  Paul  by  main  lino  of  that 
division 


159-2 

1353 

159-9 

1367 

166-0 

1-266 

170-7 

1188 

171-3 

12(;6 

1724 

12:59 

174-3 

12U1 

176  1 

lun 

179-9 

1113 

180-8 

1140 

183-8 

1078 

1^4  i 

1078 

and 

and 

184-4 

1076 

997 


PELICAN  RAPIDS  BRANCH. 
[Proved  to  be  correct  by  the  agreement  of  two  independent  surveys.] 


Fergus  Falls,  passenger  depot 

Same,  crossing  the  Northern  Pacific,  Fergus  and  Black 

Hills  Railroad 

Pelican  Junction,  Northern  Pacific,  Fergus  and  Black 

Hills  Railroad 

Red  River,  water,  1, 178 ;  grade 

Summit,  cuttiug  4  feet;  grade 

Depression,  filling  4  feet ;  grade 

Elizabeth 

Pelicau  River,  first  crossing,  bed,  1,222;  grade 

Same,  second  crossing,  bed,  1,227 ;  grade 

Sanjc,  third  crossing,  bed,  1,233 ;  grade 

Summit,  level  grade 

Erhart's 

Pelican  River,  fourth  crossing,  bed,  1,269 ;  grade 

Summit,  cutting  3  feet ;  grade 

Pelican  River,  fifth  crossing,  bed,  1,278;  grade 

Same,  sixth  crossing,  bed,  1,282 ;  grade 

Summit,  natural  surface  and  grade 

Pelican  Rapids 

Pelican  River,  water  below  and  above  the  dam  at  Pelican 

Rapids 


187-2 
186-3 


1210 
1194 


186-5 

1189 

186-7 

11S9 

190-6 

1-454 

192-8 

1211 

194-4 

1210 

195-3 

1-239 

196-1 

1239 

196-4 

1249 

201-2-201-6 

1295 

201-9 

1286 

203-2 

1277 

204-9 

1308 

205-2 

1295 

206-0 

1280 

207-3 

1311 

207-9 

1304 

207-9 

1291-1.303 

UPUULl 
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GREAT  NORTHERN  RAILWAY  SYSTEM— Continued. 

FOSSTON  BRANCH. 

The  profile  here  receives  a  sabtractiou  of  5  feet  at  Carmau,  like  the  main  line ;  and 
iheone  east  to  the  crossing  of  the  Dalath  and  Manitoba  Railroad,  a  uniform  sub- 
traction of  7  feet.  At  this  crossing,  and  also  at  Leech  Lake,  the  elevation  of  which 
isdetermined  by  United  States  eus^ineers,  it  requires  a  subtraction  of  U  feet,  which 
accordingly  is  made  throughout  that  portion. 


Carman, junction  with  main  line  nenr  Crookston,  298*0 

miles  from  St.  Panl 

Burwell , 

Benoit 

Beach  of  Lake  Agassi z,  15  rods  wide,  crest,  1,062 ;  grade . . 

Beach,  crest  (site  of  the  Pembina  trail),  1,069 ;  gr^e 

[This  beach  ridge  is  12  rods  wide  from  its  west  base 
(1,06^  feet)  to  its  east  base  (1,065  feet).] 

Beach  15  rods  east  of  the  last,  crest,  1,069 ;  grade 

Beach,  crest,  1,092;  grade 

(The  descent  fr6:n  the  crest  is  11  feut  in  12  rods  to 
the  west,  and  4  feet  in  10  rods  to  the  east.  From 
i  to  I  of  a  mile  west  of  this  beach,  natural  surface 
and  grade  are  1,085-1,082,  probably  marking  depos- 
its formed  contemporaneously  in  the  margin  of  the 
lake.  Irfterveniog  betwoeu  this  belt  and  the 
heach,  a  depression  at  15*1  to  15*5  miles  sinks  to 
1,079-1,081  feet.) 

Beach,  cr«'st,  1,114;  grade 

(This  is  a  very  niassive  beach  ridge,  having  a  descent 
of  18  feet  westwanl  from  its  crest  in  50  rods,  and 
ot  8  feet  eastward  in  30  rods. ) 
Beach,  cre^t,  1,120;  grade,  crossing  the  Duluth  and  Man- 
itoba R.iilroad  

Beach,  crest,  1,142;  grade 

Dogdale , 

JDQction  of  branch  graded  toward  Pelican  Rapids 

On  this  branch:  * 

8*ndHill  Rivernear  center  of  Sec.  13,  Garfield(T.  147,  R. 

44),  low  water,  1,116;  grade 

oQiumit,  natural  surface  and  grade 

^'reek  tributary  to  Wild  Rice  River,  crossed  in  Sec.  36, 

StnjDd  (T.  145,  R.  44),  bed,  1,072 ;  grade 

Wild  Rice  River  in  SW.^of  Sec.  25,  Wild  Rice  (T.  144, 

K. 44),  bed,  1,023;  water,  1,025;  grade 

Sod  of  ]ocate<l  line,  natural  surface",  1, 177  ;  grade 

On  the  line  from  Dugdale  eastward  : 

Crest  of  eastward  nscen  t ;  gra<le 

(The  surface  is  1,101  to  1,167  feet  thence  to  23*4  milen. 
Small  beaches  are  crossed  at  22*4  and  22*5  miles, 
with  their  crests  respectively  at  1,166  and  1,167 

Mentor 

^7  Creek,  one  of  the  outlets  of  Maple  Lake,  bed,  1,156 ; 

^Rn^de  

**Ple  Laite,  water 

•^•Jnirait.  natural  surface,  1, 169 ;  grade 

S*<ig€rLake.  water,  1,172;  grade   

E'skine 

(Morainio  contour  extends  from  31*0  to  33*0  miles, 
and  is  succeeded  by  a  moderately  rolling  surface 

,  farther  east.) 

^▼ino  between  two  lakes,  bed,  1,199 ;  grade 

«cInto«h 

'*<>plar River, bed,  1,200;  water,l,204;  grade 

(The  nest  i  mile  east  has  a  murainic  surface.) 


From  Camiaii. 


Above  the  sea. 


MUet. 


0-0 

6«1 

11-7 

14-2 

14-3 


14-35 
15.6 


16-9 


17-4 
181 
18-2 
18-5 


29  7 
330 

441 

49-8 
53-5 

193 


23-7 

239 
23  9 
25  1 
29-5 
30-3 


31-9 
36-5 
37-4 


Feet 


877 

914 

1019 

1063 

1067 


1068 
1089 


1110 


1116 

li:i8 

ll:« 
1142 


1145 
1195 

1107 

1091 
1174 

1163 


1167 

11&'> 
1169 
1171 
1178 
1187 


1224 
1218 
1211 
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GREAT  NORTHERN  RAILWAY  SYSTEM— ContiDued. 


FOSSTON  BRANCH— Comlnued. 


Fosston 

End  of  track-laying  November  20, 1888 

On  line  sarveyed  for  continuation  of  this  branch 
east-southeast  to  the  southwest  arm  of  Leech 
Lake: 

Sommit  near  the  east  line  of  Sec.  35,  T.  147,  R.  39 

Lakes  f  mile  east  and  sontheast  from  the  last,  the  most 

southern  being  called  Lonj?  Lake — 

Head  stream  of  Clearwater  River,  bed  (mud  to  depth  of 

10  feet) 

Creek  tributary  to  Lower  Rice  Lake,  bed,  1,406 ;  bottom 

land,  1,469 

Mississippi  River  (about  30  feet  wide),  bed,  1,371 ;  water, 
1,373;  bottom  land,  25  to  50  rods  wide,  1,376 ;  proposed 

grade  of  bridge 

(This  crossing  is  distant  about  11  miles  in  a  straight 
line  northward  from  Lake  Itasca,  being  in  Sec.  8, 
T.  145,  R.  35. ) 

Creek,  bed 

(Within  I  mile  both  west  and  east  the  surface  rises 
to  1,450-1,460  feet.) 
Schoolcraft  River,  the  **  East  Fork  of  the  Mississippi." 

called  La  Place  River  by  Nicollet's  map,  bed 

(Roughly  morainic  contour,  with  elevations  25  to  100 
feet  above  the  hollows,  extends  from  91*0  miles  to 
Leech  Lake,  a  distance  of  30  miles.) 

Summit,  highest  on  this  line  of  survey • 

Leech  Lake,  water,  raised  by  dam 


AboTe  the  sea. 


Fut. 


1288 
1291 


1545 
1485 
1439 
1466 

1409 
1381 
1372 


1576 
1297 


ST.  VINCENT  LINE. 

The  profile  requires,  as  noted  on  page  69,  a  uniform  subtraction  of  5  feet,  which  is 
here  made,  giving  exact  agreement  with  the  Emerson  Branch  of  the  Canadian  Pacific 
Railway  on  the  international  boundary. 


Crookston 

Junction  with  main  line  to  Grand  Forks  and  Great  Falls 

Shirley,  junction  of  the  St.  Hilaire  Branch 

Euclid 

Angus 

Warren 

Snake  River, water,  638;  grade 

4>;gyie-.-. 

Middle  River,  bed,  828;  water,  831 ;  grade 

Tamarack  River,  bed,  811 ;  water,  814 ;  grade 

Stephen 

Donaldson 

Kennedy , 

Uallock 

South  Branch  of  Two  Rivers,  bed,  791 ;  water,  800;  grade 

Northcote 

North  Branch  of  Two  Rivers,  bed,  778 ;  water,  784 ;  grade 

Humboldt 

St.  Vincent,  switch  of  line  to  Emerson  and  Winnipeg 

St.  Vincent  depot # 


From  St  Paal. 

Above  the  sea* 

Miles. 

Feft. 

a99-3 

863 

300-5 

885 

3058 

900 

313-2 

890 

3-ill 

870 

329-8 

853 

330-2 

655 

339-6 

845 

340-2 

842 

347-7 

827 

348*1 

827 

356-6 

826 

361-4 

825 

370-5 

815 

3717 

813 

3761 

802 

376-5 

798 

382-9 

792 

389-2 

787 

390-2 

787 

*rnjjL] 


AND   THE   ROCKY  MOUNTAINS. 


81 


GREAT  NORTHERN  RAILWAY  SYSTEM— Continned. 
ST.  VINCENT  LINS-Contmnod. 


Rftd  Riyer  at  St.  Vincent,  bed,  739 ;  extreme  low  water, 
748 ;  nnnal  water  surface,  753 ;  high  water  of  1866, 
7&12;  extreme  hij^h  water(1882) 

Graile  on  the  international  bonudary • 

Red  River  here,  high  watirof  1862 

Emerson,  on  branch  of  Canadian  Pacific  Railway 


Above  the  sea 


Feet. 


788 
790 
786-5 
790 


ST.  HILAIRB  BRANCH. 


Shirley,  junction  with  the  St.  Vincent  line....« 

Ivee,  crossing  of  the  old  Pembina  trail 

(This  is  on  the  Lower  McCauIey  ville  Beach  of  Lake 
Agaseiz,  whioh  is  cut  4  or  5  feet  across  its  width  of 
about  20  rods ;  crest  of  the  beach  ridge,  990  feet.) 

Upper  McCanley  ville  Reach,  crest,  997 ;  grade 

Little  Black  Creek,  water,  975 ;  grade 

Black  River,  water,  970 ;  grade , 

Campbell  Beaob,  crest,  1,019,  6  feet  above  the  land  next 

east;  grade 

BrpDniog  of  nearly  level  grade  eastward,  natural  snr- 

fiiceand  grade  the  same 

(Thence  a  slightly  undulating  surface,  with  indis- 
tinct Lower  Norcross  Beaches,  extends  to  St. 
Hilaire  and  the  Red  Lake  River.) 

Bt.Hilaire 

Hed  Lake  River,  about 


305-8 
314-4 

900 
986 

314-7 
315-4 

3ia-o 

993 
987 
997 

318*5 

1011 

3-23-2 

1078 

327-3 
327-3 

1086 
1065 

ST.  JOHN  BRANCH. 


Church's  Ferry,  Junction  with  main  line  to  Great  Falls 

(Thence  north  to  Candothe  surface  is  slightly  undu 

_      lating,  with  an  average  ascent  of  2  feet  per  mile.) 

Cando  

Coulee,  l)ed,  1,470;  grade ..... 

Coul6e,  bed,  1,572;  grade 

Bisbee .  

P!»rth. ..!!!' '..."....""/.!!  !I 

2'KConl^,  bed,  1,754;  grade 

Bulla 

St  John 


1458 


443-3 

1488 

444  0 

1480 

4551 

1585 

456-0 

1600 

463  0 

1731 

469-8 

1776 

475-3 

1818 

482-6 

1945 

BOTTINEAU  BRANCH. 


^"Sby  JanctioD,  main  line  to  Great  Falls 

J^'no.switch  of  this  branch 

^'««k,bed,  1,465;  grade 4 

5*ton 

S|l!<>wCity 

^mow  River,  bed,  1,458 ;  high  water,  1,464 ;  grade 

S^  Creek,  bed,  1,617 ;  grade 

■*Htineau 


BulL72 « 


465-9 

1561 

466-2 

1558 

474-9 

1472 

478-7 

1505 

487-0 

1471 

487-5 

1469 

503-7 

1631 

504-0 

1638 

1 
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ALTITUDES   BETWEEN   LAKE    SUPKRIOR 


GREAT  NORTHERN  RAILWAY  SYSTEM- Continued. 

MAIN  LINE.  FROM  ST.    PAUL,    BY  WILLMAR,   BRECKEJf RIDGE,   MOORHE 

GRAND   FORES,  TO  NECHB. 

After  the  correction  of  the  line  from  Crookfiton  to  Grand  Forks  and  wes 
noted  on  page  69,  this  profile  agrees  with  the  uainerons  intersections  of  br 
tbis  system  and  of  other  railways  along  its  entire  extent. 


St.  Paul 

Minneapolis - ■ 

Clearwater  Junction,  branch  to  Clearwater  and  St.  Cloud 

Cedar  Lake,  water,  t*r>8;  grade 

Cedar  Lake  Station 

Hutchinsou  Junction,  brauob  to  Hutchinson , 

Victoria  Lake,  water,  896;  grade 

St.  Albans 

Wayzata 

Lake  Minuctonka,  water 

Long  Lake  Station 

Summit,  grade -. 

Maple  Plain 


From  St  PauL    Abe 


Jfilet. 


Armstrong 

Delano ... 

South  Fork  of  Crow  River,  water,  910  ;  grade 

Montrose 

Waverly - 

Waverly  Lake,  water 

Twelve  Mile  Creek,  water,  961;  grade 

Howard  Lake  Station 

Smith  Lake  Station 

Sucker  Creek,  water,  994  ;  grade 

Cokato 

Cokato  Lake,  2  miles  northeast,  wjit«r 

Collin  wood  Creek,  water,  1,020 ;  grade 

Creek  next  west,  do  wing  north,  water,  1,027  ;  grade 

Dassel 

Sumrair,  grade * 

Washington  Creek,  water,  1,066;  grade 

Summit,  grade 

Darwin 

Litchfield 

Outlet  ufLake  Ripley,  water,  1,106;  grade 

Outlet  (if  Long  Lake,  water,  1,142;  grade 

Grove  City  (formerly  Swede  Grove). 

Summit,  Anderson's  Hill,  cutting  15  feet;  grade 

Atvvater 

Summit,  cutting  3  feet ;  grade,  highest  point  on  this  rail- 
way line 

Kandiyohi 

Willmar  Junction,  of  line  from  Dulnth  to  Sioux  Falls 

Willmar ' 

Junction  of  the  Willmar  and  Sioux  Falls  Railway 

Pennock  (St.  Jidiu's) 

Siiakopee  Creek,  water,  1,080 ;  grade 

Kcrkhoven 

De  Graff \\\\ 

Cut,  16  feet  deep  ;  grade 

Benson  

Chippewa  River,  water,  1,022  ;  /jrade ! ! 

Juuctiou  of  the  Watertowu  and  Huron  Branch 

Clontarf 

Hancock 

Summit, cutting  only  1  foot;  grade    

Ponmie  de  Tim  re  River,  water,  1,06"^ ;  «:i  ado 

Junction  ot  the  Brow a's  Valley  Brauch , 


0-0 
10-3 
120 
13-1 
13-6 
10-5 
171 
20-0 
24-0 
24-0 
26-8 
31-9 
321 
33-2 
38-8 
38-9 
45-5 
48-1 
48-1 
50-3 


•4 
•1 

■8 
•5 
•5 
•8 
•9 


53- 

56- 

58 

59 

59" 

62 

63 

65.3 

66-4 

67-6 

68-4 

70-6 

76-5 

77-1 

82-9 

84  3 

87-6 

89-4 

94-3 

96-8 
1013 
102-5 
1030 
lOJ 
115 
116 


125 


130*8 
132-9 
133-8 
133-9 
13v7 
1489 
150-4 
153-9 
156*3 
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GREAT  NORTHERN  RAILWAY  SYSTEM— Continued. 
MAIK  LINE,  FROM  ST.  PAUL  TO  NEC  HE— Continued. 


MOTTIS  .  ......  <. ....••....  ....  ....  ..........  .........«•• 

Sunaniitt  grade ■-. 

DoAinelly  .- ■ 

New  Moose  Inland  tank 

Moose  Island  Station,  at  old  tank  and  section  house  . .... 

Herman ■ 

£d$^e  of  eroded  low  escarpment  of  tilli  natural  surface, 

1,076 :  grade 

Upper  or  Herman  Beach  of  Lake  Agassiz,  crest,  1,068 ; 

gjade 

Base  of  this  beach  ridge  on  its  northwest  side,  natural 

surface,  1,051 ;  grade 

KoTcross,  depot  on  crest  of  the  Norcroas  Beach,  crest  and 

grade  the  same 

(This  beach  ridge  is  about  30  rods  wide,  with  descent 
of  2  feet  from  its  crest  to  the  southeast  and  8 
feet  to  the  northwest.) 

Mastinka  Creek,  water,  1,020 ;  grade 

Gorton 

Tintah,  junction  of  branch  from  E^vansville 

Tintab  J  unction,  Aberdeen  Branch 

Rabbit  River,  grade 

Cauipliell 

D<»raii .--. 

Brecltenridge,  junction  with  branch  to  Baruesville , 

R<:<i  River  of  the  North,  ordinar;^  stage  of  low  water,  at 
the  mouth  of  the  Bois  des  Sioux  Kivcr 

Boiades  Sioux  River,  bed,  1144;  grade 

Wahpeton 

JouctioD  with  line  to  Everest  and  Larimore 

Crossing  the  Fargo  and  Southern  (Chicago,  Milwaukee 

.  and  St.  Paul)  Railway 

uhigh - ;. 

}|e<l  River, bed, 928;  water,931;  grade 

Kent 

JiiislLey  Creek,  bed,  915;  grade 

J'olverton   

«oly  Cross 

^>ley,bed,899;  grade 

''liner..,.., .... ...... ................................. 

I'inkle ///../.' ..""!. 'I... !!......' '.. 

JoDctiou  with  line  from  Barnesville  and  crossing  the 

Northern  Pacific  Railroad 

Mwrhead,  260-2  miles  from  St.  Paul  by  this  line,  but 

ouly  241-3  miles  by  way  of  St.  Cloud  and  Barnes- 

viiie :....: 

^ River,  bed,  861 ;  ordinary  low  water,  870 ;  high  water 

^^  ordinary  years,  8tK)-890 ;  extreme  high  water  (1882), 

^;  grade 

'argo , 5 

J*rwood 

^"^yenne  River,  bed,  858 ;  water,  862 ;  grade 

^gnsville 

^•rdner 

jnmdin 

tliii  River,  wat€r,865;  grade 

JprthBrinchofElm  River,  water, 8.^;  grade. ..'.'/..!! 
Altoo 

^^^  River,  water,  872 ;  grade 

^ammiDgs 

Boxton,, 


From  St  Panl.   Above  the  sea. 


MiUs. 
157-4 
159-4 
166-0 
171-2 
171-7 
176-5 

177-8 

178-1 

178-3 

181-2 


182-9 
183-8 
1U3-0 
197-2 
199-4 
2001 
207-3 
214-6 

214-9 
214-9 
215-7 
216-7 


Fut. 


220-2 

960 

2-^2-0 

957 

222-7 

955 

229-0 

942 

229-3 

942 

238-0 

9-29 

244-8 

921 

246-6 

917 

250-0 

912 

255-5 

912 

259-6 


241-3 


241-7 
242-3 

250-7 

252-2 

256-4 

262-6 

269-3 

270-0 

275-4 

275-6 

277-7 

2811 

281-9 

288-9  . 

295-0  \ 


1131 
1158 
1126 
1095 
1087 
1072 

1073 

1062 

1054 

1041 


1028 
1024 
997 
988 
984 
984 
973 
961 

943 
962 
965 
963 


906 


904 


903 

902 
886 
886 
884 
886 
891 
893 
897 
698 
898 
901 
896 
9% 
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ALTITUDES   BETWEEN   LAKE   SUPERIOR 


[bull.  72. 


GREAT  NORTHERN  RAILWAY  SYSTEM— Coutinued. 
MAIN  LINE,  FROM  ST.  PAUL  TO  NECHE— Continued. 


*'HnbbaTd  pit,"  an  ezoavation  for  gravel  ballast  in  a 

beach  of  Lake  Agaiwiz,  crest  of  beach,  928 ;  frrado 

(This  beach  ridge  is  about  30 rods  wide ;  the  descent 
from  its  crest  is  5  or  6  feet  to  the  sonth  and  8  feet 
to  the  north.) 

Reynolds 

Thompson 

Giaud  Forks  Jnnction,on  line  to  Great  Falls-,  Similes 

west  of  Grand  Forks  ..--'. 

University   

Grand  Forks,  324*5  miles  from  St.  Paal  by  way  of  St. 

Cloud,  Fergus  Falls,  and  Crookston 

English  Coolcy ,  bed,  795 ;  high  water,  809  ]  grade 

Scliiiriiieier 

Manvel 

Turtle  River,  low  water,  798 ;  high  water, 812 ;  grade. . . 

Levant  

Ardock 

Forest  River,  low  and  high  water,  799-808 ;  grade 

Minto 

Grafton 

Park  River,  low  and  high  water,  809-819 ;  grade 

Auburn 

Willow  Creek,  bed, 830;  grade 

St.Tliomas 

Glasston 

Hamilton 

Bathgate 

Tuu«;ue  River,  bed,  801;  low  and  high  water,  80:^-816; 

grade 

Neche 

Pembina  River,  bed,  810;  low  and  high  water,  813-832 ; 

grade 

Grade  on  the  international  boundary 

Gretna,  on  branch  of  the  Canadian  Pacific  Railway 


From  St  Paul 

AboTe  the  sea. 

MUe$, 

F§tL 

298-3 

922 

299-8 

910 

307-1 

865 

3170 

836 

318-5 

833 

320-3 

830 

3231 

825 

326-7 

826 

333-2 

819 

334-1 

816 

340*4 

822 

3450 

824 

350-9 

816 

351*3 

820 

360-2 

827 

360-6 

827 

366-5 

842 

373*5 

840 

374-1 

840 

3»0*2 

836 

387-1 

824 

392*3 

821 

39-2-5 

821 

4001 

831 

400*8 

837 

401*5 

830 

401-8 

829 

CLEARWATER  BRANCH,  FROM  MINNEAPOLIS  TO  ST.  CLOXTD. 
This  agrees  exactly  with  the  Fergns  Falls  line  at  St.  Cloud. 


Minneapolis 

Clearwater  Junction,  with  the  Breckenridge  line 

Parker  

Shingle  Creek,  bed,  864;  water,  867;  grade    

O^seo 

Elm  Creek,  bed,  871;  water,  874;  grade , 

Rush  Creek,  bed,  898;  water,  902;  grade 

Maple  Grove 

HaFsan 

Crow  River,  bed ,  852 ;  water,  855 ;  grade 

St.  Michael's 

Summit, cutting  15 feet;  grade 

Monticello 

Silver  Creek  Station  (a  summit  of  grade) 

Silver  Creek,  bed,  961 ;  water,  963 ;  grade 

Rice  Lake  Marshi  natural  surface,  953 ;  grade . . , , 


From  St  Pan]. 


MUes. 


10*3 
120 
17*2 
21*8 
23-8 
264 
291 
29*8 
34*0 
35-4 
39-0 
421 
47-4 
55-0 
56*3 
57-8 


Above  the 


FmL 


8VC3 


I 


1 
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GREAT  NORTHERN  RAILWAY  SYSTEM— Con  tinned. 
CLEARWJlTER  branch,  from  MINNBAPOLIS  to  ST.  CLOUD-Gontlnned. 


Rice  Creek, bed, 950 ;  water,952;  grade 

Clearn-at^r 

CU'urwaUTRirer,  bed,931;  ordinary  low  water  at  its  junc- 
tion with  the  Miasissippi,  936;  high  water  (of  Mississippi 

Rivcr),964;  grade 

(This  cruasing  is  close  below  the  lowest  dam  of  the 
Clearwater  River,  and  is  only  a  few  rods  from  its 
mouth.) 

Plnm  Creek,  bed, 950;  water, 953;  grade 

8aminit,  natural  snrface  and  grade 

8t.Angnsta  Creek,  bed,  952;  wat6r,955;  grade 

8t.  Augusta 

Three  Mile  Creek,  bed,  988;  water,  991;  grade 

Summit,  natural  snrfnceand  grade 

Jnnction  with  the  St.  Clond  and  Fergns  Falls  main  line.. 
SkCloud,74*6  miles  from  St.  Paul  by  way  of  Anoka  and 

Eilt  River 

• 


Above  the  sea. 


FeeU 


962 
960 


960 


641 

963 

66-4 

1006 

68-2 

98:5 

692 

"1014 

71-2 

1012 

73-7 

1046 

75-0 

1040 

1037 


HUTCHINSON  BRANCH. 
This  agrees  with  connecting  railways  and  other  sarveys  at  Excelsior  and  Hutch- 

iDBOU. 


Hotchinwin  Jnnotion,  with  the  Breckenridge  line 

Minnehaha  Cr«  ok,  water.  896;  grade 

Snnim  it,  cutting  27  feet;  grade 

I>^pn«8iou,  filling  10  feet;  grade 

Summit, cutting  10  feet:  grade 

Pnrgatory  Creek,  bed.  876;  grade 

Snmmit,  grade 

R'wloii  bridge  over  rail  way,  1,011;  grade 

C^rnaiiog  the  Minneapolin  and  St.  Lonis  Railway 

^ke  Miunetonka,  low  and  high  water 

'■sccUior 

^«,}^ade  near  the  Minneapolis  and  St.  Lonis  depot,  at 

same  elevation  with  it 

Centennial  Lake,  water,  945 ;  grade 

^'x  Mile  Creek,  bed, 926;  grade 

J,«'arwarer  Lake,  water,  963;  grade , 

W  Island  Station 

Jjinjniit, cutting  19  feet;  grade 

?*y«f 

«;^t!i  Fork  of  Crow  River,  bed,  930;  low  and  high  water, 

-Q'i-ftJT;  grade 

J-f^iit^  Creek,  water,  951;  grade 

p'erCreek,  l)ed,955;  grade 

pier  Prairie 

^';""nit.cntfing7feet;  grade ♦. 

^''\er  Lake  Station 

r"«tofSilver  Lake, bed,  1,031;  grade 

J'*'fCreek,l)ed,  1,026;  grade. 

J""'nnt, cutting  10  feet;  grade 

'^^"^h  Fork  of  Crow  River,  bed,  1,023;  water,  1,026; 

gKrade !......-.... ........ 

*^'^  water  below  and  above  the  dam,  at  Hutchinson, 

„n'»wing  otter  Lake,  about 

««ichin»n 


Above  the  wml 


903 
912 
970 
923 
962 
914 
992 
9fc3 
93,i 
925-929 
944 

947 
952 
945 
973 
971 
lOOU 
955 


960 
964 
982 
1057 
1052 
1042 
1042 
1070 


1029-1038 
1040 
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ALTITUDES    BETWEEN    LAKE    SUPERIOR 


[BUI1«  71 


GREAT  NORTHERN  RAILWAY  SYSTEM-Coutiiiuod. 

WATERTOWN  AND  HUUON  BRANCH. 

[Tbu  portion  from  Watertown  to  Huron  is  operated  iincl(>r  a  lease  frum  Ibo  Dalutli,  \Yatortown  and 

Paoiflc  Kail  road  Company.] 

lu  ugreeiiicut  wilh  couuecliug  lailwayd  at  WaLortown  aiiil  Iliirou. 


JiiiictioD  with  the  Breckcnridge  line,    1  iiiilo   west  of 

Bt'iison , 

Mini  Cr»>ek,  bed,  1,023;  grade 

Dea»l  Miiii'f<iSlonjjrh,  natural  sarfaco,  1,019-1,0.20;  grade  . .. 
PoiiinK)  (Ic  Tel  ro  lii  vor,  bed,  1,003  ;  water,  1,005 ;  grade  . . . 

A  pplutoii 

Poiiiint)  de  Terre  Ri  ver,  bed ,  980 ;  water,  983  ;  grade 

(TbiH  iH  near  the  intersection   of  tlin  Ha.'jCiugs  and 
Dakota  Division  of  the  Chicago,  Milwaukee  and 
St.  Panl  Railway. ) 
Minnesota  River,  bed,  933;  low  water,  935;  bottom  land, 

9;<5-y38;  grade 

LoniBbnrg 

Bellinghnni , 

Boat  Creek,  tributary  to  the  South  Fork  of  the  Yellow 

Bank  River,  bed,  1,087;  grade 

NnsBan 

Lino  between  Minnesota  and  South  Dnkotn,  grade 

Albee(Walrath) 

La  Bolt 

Summit,  natnral  surface  and  grade 

ForreHtville 

Rauvillo 

Crossing  the  Chicago  and  Northwestern  Railway 

Watertown 

(ThiH  depot  is  7  feet  lower  than  that  of  the  Chicago 
and  Northwestern  Railway.) 
Big  Sioux  River,  bed,  1,708;  low  and  high  water,  1,709- 

1,71.^;  grade 

Depression  at  Pelican  Lake,  grade 

Thompson  Creek,  bed,  1,726;  grade 

Grover 

Hazel 

Crossing  the  Chicago,  Milwaukee  and  St.  Paul  Railway. 

Vienna  (a  snmmit  of  grade) 

Willow  Lakes  Station 

Red  Stone  Creek,  bed,  1,684  ;  grade 

Same,  bed,  1,009;  grade 

Same,  bed,  1,553;  grade 

Bancroft 

Iroquois  Croek,  bed,  1,440;  grade 

Osceola 

Pearl  Creek,  bed,  1,346;  grade 

Yale 

Sheffield 

James  River,  bed,  1,221;  low  and  high  water,  1,227-1,240; 

grade •- 

Crossing  the  Dakota  Central  Division  of  the  Chicago  and 

Northwestern  Railway •- 

Huron 


From  St.  Paul,  i  Abovethoaea. 


MiUi, 
133-9 
137  6 
1441-144-5 
1531 
154-8 
155-5 


Feet 


10:J7 
1029 
loiJ 
lO.'O 
1015 
1005 


159-8 

944 

163-8 

1042 

170-3 

1049 

177-5 

10118 

179-2 

112-J 

179-5 

n22 

184-7 

1184 

190-8 

1302 

2080 

1926 

2115 

1868 

218-7 

1757 

224-5 

17•^<i 

224-9 

1726 

225-2 

1718 

226-7-227-1 

1716 

230-9 

1750 

234-7 

1742 

2411 

17G5 

248-0 

1829 

248-5 

1837 

206-9 

1786 

264-6 

1695 

264-8 

1687 

268-6 

1569 

269-0 

15tU 

273-2 

1456 

273-6 

1453 

279-4 

13r>5 

281-2 

1:mO 

288-6 

1300 

291-0 

1261 

293-9 

1282 

294-3 

1287 

ctbul] 
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GREAT  NORTHERN  RAILWAY  SYSTEM— Con  tinned. 

BROWN'S  VALLEY  UBAKCH. 

Thisajn^eii  with  the  Fargo  and  Southern  Railway  atGraceville,  and  with  leveling 
for  the  U.  S.  Geological  Survey  of  Lake  Agaseiz  at  Brown's  Valley. 


JonctioQ  with  the  Breckenridge  line  near  MorriH 

Siuiimits,  each  cutting  4  feet ;  grade  alike 

Mml  Creek,  water,  1,078;  grade -- 

WherJer 

Cliokio .....-.- -.-. 

Johnson ......._.... 

Ciuwiii^  the  Fargo  and  Southern  (Chicago,  Milwaukee 

lud  St  Paul)  Railway 

Graceville 

Barry ^ 

Beaitlsley 

Top  of  the  hlnff  east  of  Bi-own's  Valley,  grade 

Deprewion  at-  foot  of  this  bluH',  surfucc 

Browu'u  Valh-y 

Minuewta  River,  low  water 

Lake  TravcTse,  1  mile  north,  low  and  high  water,  970- 

d7t);  ordinary  stagea  of  water 


From  St.  Paul 


Milei. 

L5H-3 
and 
159-1 
160-2 
11)3-5 
169-6 
175-6 

18*^•2 
182-6 
1S8'4 
195-8 
199-4 
202-3 
20-^-7 
202-7 

202-7 


Above  the  sea. 


FeeL 

1122 

1140 

1105 
1112 
11-24 
1129 

1112 

1109 

1107 

1098 

,  1098 

975 

9h0 

972 

971-973 


ABEBDEEN  BRANCH. 


Tb'w  agrees  exactly  or  closely  where  it  crosses  the  Fargo  and  Southern  (Chicago, 
Milwaukee  and  St.  Paul)  and  Minneapolis  and  Pacitic  Railways,  and  with  couiiect- 
ing  railways  at  Aberdeen. 


TintahJnnctlon,  Breckenridge  line 

ooDih  Branch  of  Rabbit  River,  bed,  969 ;  high  water, 

^;  jcnide 

Campbell  Beach  of  Lake  Agaasiz,  rising  5  feet  above  the 

adjoining  area  westward,  crest,  989;  grade 

Cbildg 

Boisdes Sioux  River,  bed,  061 ;  bottom  land,  U67  ;  grade 
^i^ing  the  Fargo  and  Southern  (Chicago,  Milwaukee 

•ndSt.  Paul)  Railway 

^'npl»ell  Beach,  crest,  987;  grade 

B*Villo 

soQora l'.\.[ [ '-J'"-"!! !!!". !!!!!! !'!!' 

(The  profile  shows  in  several  places  dunes  3  to  6  feet 

higb,  bnt  no  distinct  beach,  between  Sonora  and 

„     HankiDson.) 

2*''"^iD(ion 

*>ln»>r  Beach  of  Lake  Agassiz,  crest,  1,089 ;  grade 

ci^'°S  the  Minneapolis  and  Pacihc  Railway 

otJleg 

Sottmit,  cnttingVfeeV;  "gTado!!"IIl.\'".l.'J 

J^*"gerwood 

Gtucieo 

^'^mit,giiie'iy...^l^""/.l.".llII''"!"//.!.''/.^'.'..''"!I 

^*7nga(a8amimtof  grade) 


From  St.  Paul. 

Above  tbe  sea* 

Mile*. 

Feet. 

197-2 

988 

197-9 

988 

200-6 

990 

205-1 

977 

206-6 

972 

208-6 

985 

210-3 

988 

210-4 

987 

215-2 

988 

222-7 

1068 

2-24-7 

1088 

2-25-2 

1088 

229-9 

1139 

231-4 

1153 

2:m-5 

•  11-22 

240-8 

.  1164 

2421 

1170 

245-9 

1140 
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GREAT  NOUTHKUN  RAILWAY  SYSTEM-Continiiod. 
ABERDEEN  ItKANCH- Continued. 


Wild  Rice  Rivor,  bed,  1,118;  grade 

Rutland,  junction  oftlie  Kllcndalo  Branch 

Wild  Rice  River,  bed,  1,2(^2;  grade 

Sprague  Lake  Station 

Havana  (a  uuraiuit  of  grade) 

Kidder 

Crussing  the  Chicago,  Milwaukee  and  St.  Panl  Railway. 

BuTob 

(At  til  is  station  and  for  a  half  mile  westward  the 
surface  consists  of  dnnes  5  to  10  feet  in  height, 
with  their  crests  at  1,296  to  1,299  feet.  Through 
the  next  4  miles  southwestward  the  surface  is  verv 
flat,  1,293  to  1,294  feet.  Thence  numerous  small 
duues,  with  crests  at  1,204  to  1,308  feet,  are  crossed 
in  the  distaoce  of  2^  miles  to  Amherst.    These  are 

Eart  of  a  north  to  south  belt  of  dunes  (also  crossed 
y  the  Ellendale  Braucli)  nplifted  by  the  wind 
from  the  silty  deposits  of  Lake  Diikotn,  which,  as 
shown  by  Prof.  J.  K.  Todd,  occupied  the  James 
River  Valley  along  an  extent  of  about  170  miles 
from  Mitchell  to  Oakes  during  the  recession  of  the 
ice-sheet.)  , 

Amherst  (a  summit  of  grade) 

Claremout 

Hnfftou 

Putney 

James  River  water-tank,  grade 

James  River,  bed,  1,269;  water,  1,272;  grade 

Plana : 

Moccasin  Creek   bed,  1,284;  water,  1,286;  grade 

Crossing  the  Chicsigo,  Milwaukee  and  St.  Paul  and  Chi- 
cago and  Northwestern  Railways 

Aberdeen \ , 


From  St.  Panl. 

Above  the  sea. 

3ft/M. 

Feet. 

246-3 

Il:fr2 

2o21 

1-225 

254-3 

1216 

25r>0 

1219 

201 -3 

1294 

268-0 

1295 

271-5 

1309 

275-1 

1296 

281-9 

1312 

288-5 

1302 

293-9 

1.307 

299-3 

1306 

302-5 

1284 

303-3 

12H6 

307-0 

1.102 

314-1 

1297 

315-6 

1300 

316-0 

1300 

ELLEKDALB  BRAlfCH. 
Agreeing  with  the  Chicago,  Milwaukee  and  St.  Paul  Railway  at  Ellendale. 


Rutland,  Jnnctiou  with  the  Aberdeen  Branch 

Depression,  grade. « 

Belle  Plaine 

Summit,  cutting  2  feet;  grade 

Bi'ookland 

CroMsiug  the  Chicago,  Milwaukee  and  St.  Paul  Railway.. 

Lake  bed,  natural  surface,  1,286-1,287;  grade 

StrMubville 

Summit,  cutting  6  feet;  grade  (crossing a  morainic belt).. 

Dunes,  u at ural  surface,  1,314-1,324 ;  grade 

Crescjeut  Hill  Station 

(Small  dunes,  crests,  1,315-1,312  feet,  are  crossed  at 
•277-6  to  278-6  miles.) 

Riverdale 

CioKKing  the  Chicago  and  Northwestern  Railway 

JamoM  River,  bed,  1,283;  low  water,  level  with  the  dam 
at  Columbia,  1,28<);  high  water  (1882),  1,292;  grade.. 


282-7 


From  St  Paul. 

Above  the  sea. 

Milee, 

Feet, 

2521 

1225 

2531 

1217 

258-9 

1270 

261-6 

1319 

263-9 

1304 

2651 

1299 

268-8-269'4 

1290 

270-9 

1314 

274-1 

1J46 

275-1-275-6 

1319 

277-0 

1313 

281-0 

1304 

281-8 

1303 

1296 
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GSEAT  NORTHERN  RAILWAY  SYSTEM— Continned. 
BLLBNDALB  BRAKCH-Continnod. 


Gnelpli  (a  samniit  of  grade) 

DeprustMioii,  bed  of  cnlvert,  1,^)42;  grade 

Sniumit,  cutting  8  feet;  grade 

SiWt'T  Leaf. 

Maple  River,  bed,  l,:f70;  high  water,  1,382;  grade 

EUendale 

Same,  junction  witb  tbe  Cbicago,  Milwaukee  and  St. 
Paul  Railway • 


AboTO  tbe  aea. 


Ftet 


1369 

i:r>4 

1415 
1405 
1386 
1453 

1453 


BBBTKENBIDGB  TO  MOORHEAt)  BY  WAY  OF  BARNESVILLB. 

Agreeing  witb  otber  portions  of  tbis  railway  Bystem  and  witb  otber  railways  at 
BarueHville  and  Moorbead. 


Brcckenridge 

KetlRixcr,  water,  951;  grade 

Manston , 

Miitl.niom  Creek  (bead  of  Sontb    Dranch  of   Buft'alo 

River),  water,  974;  grade 

Dcfr  Horn  Creek,  water,  972 ;  grade 

Atiiertuu 

Juuction  witb  tbe  main  line  by  St.  Cloud  and  Crookston 
to  Great  Falls,  0*4  mile  nortb  of  BarnrRville 

^'illnw  River  (more  commonly  called  Whiskey  Creek), 
1h!(),%M;  i^rade  (at  junction,  243*1  miles  of  this  lino 
inm  Hreckenridge) 

Barnebvillo  depot,  '217^  miles  from  St.  Paul  bv  way  of 
tbe  8t.  Cloud  and  Fergus  Falls  Division,  but  243*5 
milw  by  way  of  Hreckenridge 

Jonctiou  witb  main  line  to  Crookston  and  Great  Falls. .. 

Baker  

S«nth  Braneb  of  BufFalo  River,  bed ,  908 ;  grade 

S-ibin 

Crosgiii^r  (lie  Kortheru  Pacific  Railroad 

Moorbead 


From  St  PauL 


MiUt. 
2U*6 
215*6 
2311 

2:mi 

237-8 
237-9 

2431 


218*3 


217-9 
21H-9 
2251 
231-4 
23-2*4 
240-7 
241-3 


Above  tbe  sea. 


MOORHBAD  NORTHERN  BRANCH. 


F€tt 


961 
965 
978 

981 
982 
9»1 

1009 


1009 


1020 
lOUO 
944 
922 
930 
906 
904 


Jiinction  witb  line  from  Barnesville  a  balf  mile  east  of 

M«i«itlicad 

'^rs'ji,^ 

J*"flHlo  Uiver,  low  water,  853;  bigb  water  (1881), 87:^; 

extreme  bigb  water  (of  Red  River),  about  882 ;  grade. . 

Georgetown 

Perlcy 

H«mlruin'//.iIi']illi".I'r.f'r.!"r.IllI."''!I'I!'.""'.."II. 
Willi  kico  River,  low  water,  836 ;  bigb  water  (1881),  0)8; 

g«ado 

Halaiail 


906 
bt>2 

884 
884 
877 
875 

872 
870 
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GREAT  NORTHERN  RAILWAY  SYSTEM— Cod tinued. 

FBOM  WAHPETON  BY  CAJBSELTON,  HAYVILLE,  LARIMORB,  AlH)  PARK  RIVER,  TO 

LANGDUN. 

The  profile  agrees  with  connectiug  railways  and  other  branches  of  this  system  at 
Davenport,  Everest,  CsKselton,  Portland  Junction,  and  Lariinore.  LeveJing  for  the 
survey  of  the  beaches  of  Lake  Agassiz,  from  Park  Kiver  and  Walhaila  northward, 
is  also  found  to  agree  with  the  Canadian  Paciiic  Railway  at  Thoruhill. 


Wahpeton 

Junction  with  main  Hue  by  Breckenridge  and  Moorhead 

to  Neche 

Wild  liice  River,  water,  9J6 ;  grade 

Antelttpe  Creek,  water,931;  grade 

D wight . 

Barrett 

Colfax 

Walcott 

Sheyenne  River,  water,  930 ;  grade 

Kiudrcd 

Davenport,  crossing  the  Fargo  and  Southwestern  (North- 
ern Pacific)  Railroad 

Addison 

Maple  Hiver,  water,  904;  grade 

Durbiii -•- 

Dr>  Run,  bed,  910;  grade 

Everest,  junction  of  line  to  Ripon  and  Portland 

Casselton,  crossing  the  Northern  Paciiic  Railroad .*. 

Anienia 

Rush  River,  bed, 945;  grade 

(An  ice  gorge  below  this  bridge  April  4,  1862,  raised 
the  water  above  the  track  at  Amenia.) 

Arthur 

South  Fork  of  Elm  River,  bed,  962;  grade 

Hunter 

Greenlield 

North  Fork  of  Elm  River,  bed,  927;  grade 

Blauchiird 

Mu  rray 

Goose  River,  bed,  924;  water,  held  by  dam,  936;  grade. 

Mayvillu 

Portland  Junction,  lino  from  Ripon  and  Portland 

Hatton 

North  wood 

Kempton 

Junction  with  line  from  Grand  Forks  to  Great  ^a^Is 

Larimore 

Park  River  Junction,  with  line  to  Great  Falls 

South  Branch  of  Turtle  River,  bed,  1,109;  grade 

McCanna 

North  Branch  of  Turtle  River,  bed,  1,115;  grade 

Summit,  natural  snrfaceand  grade 

Orr's 

Inkster 

McCanleyville  Beach  of  Lake  Agassiz,  crest,  996;  grade. 
(This  beach  rid^e  is  about  30  rods  wide;  the  descent 

from  its  crest  is  5  feet  to  the  south  and  8  feet  to  the 

north.) 

Forest  River,  bed,  941 ;  grade 

Conway 

MoCauley  ville  Beach,  crest,  996 ;  grade 

(Aloug  the  greater  part  of  its  course  for  the  next  8 

miles  to  Park  River,  the  railway  is  built  on  this 

beach  ridge.) 
Park  River  Station ^ 


From  St  PaaL 

Above  the  sea. 

MiU9. 

FeeL 

216-7 

965 

21C-7 

963 

219-9 

953 

222-2 

954 

222-7 

954 

231-4 

953 

235-7 

960 

241-8 

960 

248-3 

948 

249-7 

942 

254-8 

923 

258-5 

917 

262-1 

9-20 

262-6 

918 

263*6 

9-20 

21)7-6 

9:^ 

270-6 

938 

277-8 

9,)4 

279-5 

957 

284-7 

992 

290-4 

980 

290-7 

Si80 

296-5 

948 

3011 

947 

301-4 

947 

307-7 

960 

312-5 

954 

bl3-5 

978 

318-3 

1009 

325-0 

1085 

333-3 

1119 

3:J9-7 

1127 

345-5 

1130 

345-9 

1134 

348-3 

1133 

:i49-9 

1127 

354-0 

1140 

356-7 

1132 

3583 

1164 

360-5 

1098 

364-8 

1036 

366-3 

991 

366-6 

980 

370-9 

988 

374-3 

998 

382-3 


998 
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GKEAT  NORTHERN  RAILWAY  SYSTEM -Continuod. 
FROM  WAHPBTON  TO  LANGDON—Continned. 


South  Branch  of  Park  River,  bed,  964 ;  grade 

Small atreanif  bed,  1,087;  grade 

fieach  of  Lake  Agasaiz,  crest,  1,128 ;  ^^ade 

(This  beach  ridge  has  a  width  of  25  rods,  with  a  de- 
scent of  4  or  5  feet  from  its  crest  to  its.  base  ou  each 
side.) 

Beach,  crest,  1,155;  grade 

(From  the  crest  there  is  a  descent  of  16  feet  lu  a  qnar- 
ter  of  a  mile  southeastward  along  the  railway,  and 
of  2  feet  in  15  rods  northwestward.) 

Beach,  crest,  1,163;  grade 

(The  descent  to  the  east  is  10  feet  in  25  rods,  and  to 
the  west  3  feet  in  15  rods.) 

Edinbnrgh 

Small  stream,  bed,  1,182  ;  grade. 

Middle  Branch  of  Park  River,  bed,  1,242;  water,  1,243; 

grade 

Water  coarse  tributary  to  ths  Middle  Branch,  bed,  1,298 ; 

grade 

Second  water  coarse  tributary  to  the  Middle  Branch, 

bed,  1,327;  grade 

Another  water  course  tributary  to  the  Middle  Branch, 

bed,  1,479;  grade 

Top  of  Bteep  weetwardly  ascending  grade  (1  foot  above 

the  natural  surface) 

Milium 

Water  conrse  tributary  to  the  North  Branch  of  Park 

Kiver,  bed,  1,586;  grade 

Osnabrock 

Summit,  natural  surface  and  grade 

IdiDgdon 

PeiiibiDa  River  at  the  bridge  a  half  mile  east  of  Wal- 
balla  (determined  by  survey  from  Park  River),  low 
ftD<l  high  water,  934-^43;  proposed  grade  of  railway 
bridge,  953  feet.) 


From  Sti  Paul. 


MiUi. 

:«2-9 

386-5 
387-2 


388-3 


388-45 


Above  the  sea. 


Feet. 


996 
1107 
1129 


1156 


1161 


391-7 
392-3 

1189 
119.1 

3951 

1278 

396-9 

1352 

398-2 

1409 

400-6 

lf)07 

40-2  6 
404-2 

1579 
.  1586 

406-5 
410-0 
414-7 
421-6 

1594 
16i0 
1659 
1610 

FROM  EVEREST  AND  RIPON  TO  PORTLAND. 


This 


ihw  agrees  with  the  Northern  Pacific  Railroad,  and  with  the  line  through  Cassel- 
ton  and  May  ville  at  Portland  Junction. 


Everest,  jn  notion  with  the  May  ville  line 

twssing  the  Northern  Pacific  Railroad 

tanipbell  Beach  of  Lake  Agassiz,  crest,  994  ;  grade 

Junction  of  the  Hope  Branch 

owan  Creek,  bed,  1,049 ;  grade 

|^'««k,bed,  l,0b7;  grade 

*»nk  and  section  house,  grade 

KntihEiver,  bod,  1,074;  grade 

lirie ..... 

f^mit.'grade'r.'"""!.^^^''"! ''."'"!.'!!! '."."^""^ 

««»th  Branch  of  North  Pork  of  Elm  River,  bed,  1,062; 

pade 

P^Pftaaiou,  grade 

Suriiinit,  grade 

Liuo  of  Cass  and  Traill  Counties,  grade 


Prom  St.  Paul. 

Above  the  sea. 

MiUt. 

Feet. 

267-6 

935 

271-8 

954 

274-3 

9b9 

278-0 

1040 

278-2 

1046 

280-5 

1070 

284-3 

1091 

2e6-3 

1094 

2ei6-5 

1098 

2^8-3 

1126 

289-6 

1131 

295-8 

1081 

296-3 

.   1079 

296-9 

1089 

297-1 

1087 
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GREAT  NORTHERN  RAILWAY  SYSTEM— Continued. 
FROM  EYEBBST  AND  RIPON  TO  PORTLAND— Continaed. 


Galesbnrg 

North  Branoh  of  North  Fork  of  Elm  River,  bed,  1,063; 

'    ^rade 

Clittord 

Roseville 

Portland 

GooHe  River,  bed,  O:^;  water,  936;  grade 

Portland  Jnuction,  318*3  miles  from  St.  Paul  by  way  of 
Mayville 


Above  the  sea. 


FuL 


1079 

1076 

1055 

1009 

983 

975 

1009 


HOPE  BRANCH. 


Junction  near  RipoQ * 

Tank,  grade 

Abttaraka 

Upper  or  Herman  Beach  of  Lake  Agassiz,  crest,  1,097 ; 

grade  

Swau  Creek,  bed,  1,078;  grade 

Ayr  (formerly  Elgin) 

Summit,  cutting  3  feet;  grade 

Page  City • 

Colgate 

Hope  ...• 


1046 
1065 
108U 

1096 

nil 

1200 
1236 
1175 
1177 
1241 


MAIN  LINE  FROM  DULUTH,  BY  HINCKLEY,  ST.  CLOUD,  AND  WILLMAE,  TO  SIOUX 

FALLS. 

[The  portion  ftrom  Dninth  to  Hinolcley  is  operated  ander  a  lease  from  the  Eaeterp  Railwav  Cominnny 
of  MintieBota;  and  the  portion  beyond  willmar  under  a  lease  from  the  Willmar  and  siouz  Kails 
'  Kail  way  C«jnip.iny.J 

The  profile  from  Dnluth  to  Hinckley  is  in  two  series  of  leveling,  which  meet  half 
way  between  these  points.  Referring  the  northeastern  patt  to  sea  level  by  the 
known  height  of  Lake  Superior,  the  elevations  thence  derived  for  the  southwestern 
part  of  the  profile  are  dfeet  lower  than  those  of  the  St.  Paul  and  Dnluth  Railroafi  at 
Hinckley.  The  latter,  however,  seems  to  be  reliable,  and  the  southwest  half  of  this 
l)riitile  (at  Willow  River  and  thence  to  Hinckley)  is  therefore  made  to  agree  with 
1  he  St.  Paul  and  Dnluth  Railroad.  The  discrepancy  of  8  feet  is  all  placed  thus  at  the 
point  of  connection  of  the  two  separate  series  of  leveling,  their  difference  being  taken 
as  437  feet  instead  of  the  429  feet  stated  by  the  profile. 

From  Hinckley  to  St.  Cloud  the  original  figures  of  the  profile  (obtained  by  leveling 
indcpend^'ut  of  the  foregoing)  receive  here  a  uniform  addition  of  13  feet,  to  agree 
with  the  St.  Cloud  and  Fergus  Falls  division  of  this  railway  system  and  the  St.  Pau^ 
aid  NurlLeui  Pacific  Railroad' at  St,  Cloud  and  East  St.  Cloud,  and  with  the  Prince 
ton  Branch  at  Milaca  Junction ;  but  on  y  an  addition  of  11  feet  is  made  to  this  pro- 
file at  Hinckley  for  accord  with  the  St.  Paul  and  Dnluth  Railroad. 

The  profile  from  St.  Clond  to  Willmar  agrees  with  the  Miuneapolis  and  Pacific 
R'lilwayat  Paynesville,  and  wiih  the  liL-eckeuridge  division  at  Willmar ;  and  the 
profile  of  the  Willmar  and  Sioux  Falls  Railway  agrees  with  intersecting  railways  at 
Granite  Falls,  Hanley  Falls,  Marshall,  Pipestone,  and  Sioux  Falls. 


Duluth 

Lake  Superior,  mean 

West  Superior 

Boylston 

Nomadji  River,  water,  6:^0;  grade 


From  Daluth. 

Above  the  soa. 

MUet. 

Feet 

00 

607 

1-0-2-0 

602 

2-6 

631 

10-3 

687 

12*6 

711 

AND   THE   KOCKY   MOUNTAINS. 
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GREAT  NORTHERN  RAILWAY  SYSTEM— ContJnned. 
MAIN  LINB  KROM  DTTLUTH  TO  SIOUX  FALLS-^CoDtinaed. 


DedhAm , 

West  Balsam  Creek,  bed,  8i4;  grade 

BoQodary  between  Wiscousiu  and  Minnesota,  grade. .... 

Foxboro'!. 

£Mt  Fork  of  Net  River,  bed,  924;  grade 

Net  River,  bed,  966 ;  grade - 

(The   Norway   Hills,    consisting  of  morainic  and 

kame-like  drift,  are  crossed  from  29*1  to  33*3  miles, 

having  along  the  lino  of  this  sarvey  crests  10  to  40 

feet  above  the  depressions,  while  the  height  of  the 

crests  above  the  sea  level  rises  in  this  distance 

from  1,065  to  1,160  feet.) 

Holyoke - 

Willow  River,  bed,  1,142;  grade 

Kerrick '. 

Mansfield 

fioiumit,  cut  ting  15  feet;  grade 

Partriiljre 

Kettle  River  (near  Sandstone,  between  the  Upper  and 

I^)wcr  Falls),  ordinary  stage  of  water,  935 ;'  grade 

Wareh  im ,*. 

Samiuit,  cutting  12  feet ;  grade 

GriijtUtuuo  River,  water,  1,007;  grade , 

Hiuckley , 

Same,  crossiog  the  St.  Paul  and  Dnlnth  Railroad 

Little  Pokegama  Creek,  water,  1,011 ;  grade 

PokegHina , 

Pokejvania  Creek,  water,  1,011 ;  grade 

MndCreek,  water,  1,001 ;  grade 

SnakeUiver,  water,  945;  grade 

Aun  River,  water,  958;  )>rade , 

Kortb  Uniiicli  of  liround  House  River,  water,  1,021;  grade 

Cronnd  Hoti^e 

^utbBrauc'i  of  Ground  Honse  River,  water,  l,01d;  grade 

J^SUH  Brook,  water,  1,04 1 ;  grade 

Milaca 

Ram  River  (Enst  Branch),  bed,  1,036;  water,  1,042;  grade 

^ilaca,  Juuctiuu  of  the  Princeton  Branch 

^Veat  Uninch  of  Rum  River,  water,  1,056;  grade 

Kriilgeman 

j^twHrook  Station 

«t«! Brook,  water,  1,090;  grade 

Oak  Park 

8t.  Francis  Ri ver,  water,  1 ,  103 ;  grade    

^feek,\«ater,  1,106;  grade 

of-Vrancis 

*>ce  Cre'ik,  water,  1,118;  grade 

lOley 

^'k  River,  water,  1,014;  grade 

'ornier  water  course,  extendiug  from  the  Mississippi 
Kivcr  at  Sauk  Rapids  southeasterly  to  the  Elk  River, 
»i»tural  surface 

^^ing  the  St.  Paul  and  Northern  Pacific  Railroad 

«i»8i8eippi  River,  water  held  bv  dam,  975 ;  grade 

«j.C]oiid,74*6  miles  from  St.  Paul 

JJ.Cloud,  Junction  of  line  to  Fergus  Falls 

JfBrien  

Jockville 

8»ok  River,  bed.  1,070;  water,  1,075;  water  above  the 
«*»",  1,082;  grade 


From  Dnlnth. 


17-2 
20-0 
230 
24-2 
26-7 
28-0 


1536 


Abovo  thA  sea. 


Feet. 


»02 
b72 
929 
956 
1002 
1042 


33*4 

1141 

38-8 

1153 

39-2 

1155 

47-2 

1156 

51-1 

1220 

55-6 

1166 

61*0 

988 

63-7 

1082 

65-3 

1098 

70-2 

1032 

70-4 

1032 

70-8 

1032 

75-3 

1024 

77-8 

10-28 

78-5 

1023 

83*4 

1013 

91-2 

979 

92-8 

999 

97  1 

•  1037 

97-5 

1040 

101-8 

1046 

104  2 

1074 

109-7 

1072 

110-2 

1066 

110-3 

1070 

112-4 

1076 

113-0 

1092 

115  9 

1109 

116-3 

1100 

119-0 

1130 

120-6 

1110 

121-2 

1111 

121-4 

1115 

123-6 

1130 

l2;}-8 

1132 

128-0 

1120 

130-2 

1043 

136-2-136-8 

1021-1024 

137-2 

1025 

137-7 

1032 

1381 

1037 

1400 

1048 

142-0 

1078 

149-3 

IU75 

1091 


94 
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GREAT  NORTHERN  RAILWAY  SYSTEM- Continned. 
MAIN  LINB  FKOM  DULUTH  TO  SIOUX  FALLS— Continued. 


Cold  Springs 

Creek,  bid,  1,084;  grade 

KichnioDd 

Sauk  River,  bed,  l,07y ;  ordiuary  low  water,  1,083;  grade 

Summit,  Datnral  snrfnceand  grade 

Depreofiiou,  natural  surface,  bwampy,  1,087-1,089;  grade 

Roscoe  

Paynesville 

Crossing  the  Minneapolis  and  Pacific  Railway 

North  Fork  of  Crow  River,  bed,  1,165;  water,  1,166;  bot- 
tomland, 1,172  ;  grade 

Hawick 

Summit,  cutting  2  feet;  grade 

Outlet  of  Long  Lake,  bed,  1,'J05;  grade  

Summit,  cutting  6  feet;  grade 

New  London m 

Middle  Fork  of  Crow  River,  mill-poud,  level  with  Nest 
Lake,  water,  1,162;  grade 

Green  Lake,  water 

Spicer 

Water  course  tributary  to  Green  Lake,  bed,  l,ir>7';  grade 

Water  conrse  tributary  to  E:igle  Lake,  bed,  1,133;  grade 

Summit,  cutting  10  feet:  grade 

Willmar  Junction,  Breckenridge  line ^ 

Willmar,  102-5  miles  from  St.  Paul 

Jnuction,  leaving  the  Breckeuridge  line 

Raymond 

Clara  City 

Maynard. .' 

Minnesota  River,  water,  910;  grade 

Granite  Falls 

Crossing  the  Minneapolis  and  St.  Lonis  Railway 

Hanley  Falls 

Cottonwood 

Three  Mile  Creek,  bed,  1,080;  grade 

Green  Valley. 

Crossing  the  Winona  and  St.  Pet^r  division  of  the  Chi- 
cago and  Northwestern  Railway 

Marshall 

Lynd 

(Very  uneven  morainic  contour,  with  elevations  20 
to  80  feet  above  the  depressions,  is  crossed  by  this 
railway  from  Lynd  to  Kussell.) 

Russell 

Dakota  Central  division  of  the  Chicago  and  Northwest- 
ern Railway,  its  grade    

This  railway  goes  over  the  preceding ;  grade  on  bridge.. 

Florence 

Rutliven   

Summit,  cutting  2  feet;  grade  (highest  in  crossing  the 
Coteau  des  Prairies) 

Holland  (a  summit  of  grade) 

Crossing  the  Burlington,  Cedar  Rapids  and  Northern, 
and  Chicago,  St.  Paul,  Minneapolis  and  Omaha  Rail- 
ways   

Crossing  the  Chicago,  Milwaukee  and  St.  Paul  Railway. 

Pipestone 

Ihlen 

Split  Rock  Creek,  low  and  nigh  water,  1,623--1,6'27 ;  grade. 

Same,  water,  1,536;  grade 


From  Bnlath. 


MOet. 
153-9 
156-9 
1.58-2 
158-8 
159-6 
160-9-161-5 
164-7 
169-9 
170-8 

171-5 
175-4 
176-0 
178-6 
179-2 
181-9 

184-1 
184-1 
186-3 
1H6-6 
190-2 
192-5 
1951 
196-3 
196-8 
208-3 
215-9 
221-8 
2:i00 
230-8 
240-5 
•240-6 
246-7 
2531 
254-0 

2591 
2.59-2 
265-9 


272-2 

277-2 
277-2 

280-1 
285-2 

288-7 
293-0 


301-6 
301-7 
301-8 
308-5 
309-0 
3130 


Above  the 


Feet. 


V 


Oram.] 
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GREAT  NORTHERN  RAILWAY  SYSTEM—Continned. 
MAIN  LINE  FBOM  DDLUTH  TO  810UX  FALLS-Contlnuod. 


Jasper  (on  the  line  between  Pipestone  and  Rook  Coau- 

ties) 

Split  Bock  Creek,  water,  1,504 ;  grade 

Same,  water,  1,495 ;  grade 

Litie  between  Minnesota  and  Sonth  Dakota,  grade 

Sherman 

Split  Rock  Creek,  low  and  high  water,  1,476-1,484 ;  grade 

DeviPs Gulch,  water,  1,455;  grade 

Split  Rock  Creek,  low  and  high  water,  1,430-1,445;  grade 

PaliMades 

Split  Rock  Creek,  water,  1,313;  grade 

ConoD 

Big  Sionx  River,  low  and  high  water  in  ordinary  years, 

1,290-1,25W;  extreme  high  water,  abont  1,307  ;  grade. 
Crossiog  the  Chicago,  St.  Paul,  Minneapolis  and  Omaha 

Railway 

Crossing  the  Illinois  Central  Rai Iroad 

Crowing  the  Chicago,  Milwaukee  and  St.  Paul  Railway. 
Big  Sioux  River,  above  the  upper  dam  of  Sioux  Falls, 

low  and  high  water,  l,38;M,3d8 ;  grade 

Crofliing  the  Bnrlington,  Cedar  Rapids  and  Northern 

Railway ^ 

Sioox  Falls 

End  oftrack-laying  October  26,  1888 


From  Duluth. 


MiUs. 
313-2 
31C-7 
3181 
319-4 
3'4(J-8 
321-3 
323-7 
325-3 
326-1 
3:31-5 
332-4 

336-0 

338-6 

342  0 
342-6 

342-7 

342-8 

343  2 
343-5 


Above  the  sea. 


Feet. 


1545 
1520 

1513 
1510 
1496 
1495 
15(Jl 
1465 
1457 
1346 
1302 

1311 

132!J 
1389 
1404 

1407 

1410 
14-20 
1425 


CHICAGO,  MILWAUKEE  AND  ST.  PAUL  RAILWAY  SYSTEM. 

(^nRDprofllesinthe  office  of  Qeor^e  H.  Whiteand  M.  D.  Rbame,  englneera.  Minneapolis;  and  in  part 
&0B1  maoaB<^ptaud  profiles  furnished  by  George  B.  Woodworth,  assistJint  engineer,  Milwaulcce.] 

ST.  PAUL  TO  MINNEAPOLIS,  SHORT  LINE. 

Beferred  to  sea  level  by  the  elevation  of  the  Mississippi  River  at  St.  Paul,  deter 
mined  by  United  States  engineers;  and  agreeing  at  Minneapolis  with  the  St.  Paul 
ftod Northern  Pacific,  and  the  St.  Paul,  Minneapolis  and  Mauitoba  Railways. 


StPanl,  extreme  low^  and  high  water  of  the  Mississippi 
Riyer 

St.  Paul,  union  depot 

^oestnnt  Street  Station -• 

^ommit,  cutting  12  feet ;  grade 

wriamPark 

«»»ia8ippi  River,  bed,  702  ;  ice  (1879),  709 ;  high  water, 
J24;  top  of  rock  in  east  river  blutf.  799;  crest  of  river 

^WQff,828;  grade 

Jnort  Line  Junction 

'siOQeapolis,  depot  of  this  railway,  W»ishington  avenue 
^M  opposite  Fourth  avenue 


From  St  Panl. 

Above  the  sea. 

MUet. 

reet 

.    0-0 

683-702 

0-0 

703 

0-8 

709 

4-8 

937 

5-8 

908 

7-3 

843 

9-0 

842 

10-8 

826 

96 


ALTITUDES   BETWEEN   LAKE   SUPERIOR 


[bull.  72. 


CHICAGO,  MILWAUKEE  AND  ST.  PAUL  RAILWAY  SYSTEM— Continued. 

ST.  PAUL  TO  MIKNSAPOLIS.  BY  FORT  SNELLING. 


Sf.Panl 

Mciidota,  JiiDctioD  with  the  Chicago,  St.  Paul,  Minne- 
apolis ami  Omaha  Railway 

Bridge  crossing  the  Chicago,  St.  Paul,  Minneapolis  and 
Omaha  Railway 

St.  Paul  Junction,  Mendota,  with  line  to  Anstin  and 
McGregor 

Minnesota  River,  bed,  672;  low  water,  688;  high  water, 
710;  grade 

Fort  Sneliing  Station 

(The  fort  is  about  75  feet  higher  on  the  crest  of  the 
river  bluff.) 

Minnehaha 

Minnehaha  Creek,  bed, 802;  water,  803;  grade 

Miunehalia  Falls,  .50  feet 

Short  Line  Junction 

Minneapolis 


From  St.  Paul. 

Above  the 

sea. 

UUn. 

00 

FteL 

703 

5-6 

722 

6-0 

738 

6*4 

760 

7-0 
7-2 

718 
722 

9-6 

9-7 

9-7 

13-0 

14  8 

813 
816 
800-750 
842 
&26 

HASTINGS  TO  BENTON  JUNCTION. 

Referred  to  sea  level  at  Hastings  by  the  elevation  of  the  Mississippi  River,  deter- 
mined by  Uuited  States  engineers;  and  agreeing  with  connecting  railways  at  Far- 
mington,  Shal^opee,  Chaska,  and  Benton  Junction. 


Hastings,  extreme  low  water  of  the  Mississippi  River, 
670-5;  high  water  (18d0),  687*3;  extreme  high  water 
(l«dl),  about  690 

Hasting-,  junction  with  the  River  division 

Top  of  ascending  grade,  at  edge  of  prairie  in  Sec.  5,  Mar- 
shan,  natural  surface  and  grade  the  same 

Vermilion,  about 

Auburn 

Farmington,  crossing  the  Iowa  and  Minnesota  division  .. 

Lakeville  (Fairtield) 

Summit,  close  west  of  the  line  between  Dakota  and  Scott 
Counties,  Minn.,  cutting  10  feet;  grade 

Summit,  cutting  12  feet;  grade 

Prior  Lake  Station 

Prior  Lake,  bed,  882;  water 

Cut,  27  feet  deep;  grade 

Cut,*25  feet  deep;  grade 

Shakopee,  crossing  the  Chicago,  St.  Paul,  Minneapolis 
and  Omaha  Railway 

Minnesota  River,  bed,  668;  low  water,  690;  high  water, 
717;  grade 

Chaska 

Crossing  the  Minneapolis  and  St.  Louis  Railway 

Carver 

Bridge  over  road  and  ravine,  bed  of  ravine,  747 ;  grade.. 

Dahlgren 

>$nnimit,  cutting  6  feet;  grade 

Caiver  Creek,  bed,  906;  grade , 

Benton  Junction,  of  line  from  Minneapolis  to  Aberdeen.. 


From  HastlDgB. 

Abore  tho  Bca. 

MUu, 

Feet. 

00 

670-5-690 

0-0 

707 

3-0 

825 

8-1 

825 

11-9 

860 

17-5 

902 

22-3 

941 

26-5 

1081 

32-8 

959 

33-1 

947 

33-7 

907 

34-2 

9:i7 

361 

901 

41-5 

753 

44-5 

725 

45-4 

726 

45-5 

728 

47-5 

813 

47-8 

816 

50-9 

9^0 

51-4 

981 

62-3 

928 

53-7 

942 

^i^"^^' 


onus.] 
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CHICAGO,  MILWAUKEE  AND  ST.  PAUL  RAILWAY  SYSTEM— Con ti a aed. 

HASTINGS  AND  DAKOTA  DIVISION,  MAIN  LINE. 

fVinneapolU  to  Ortonville  and  Aberdeen,  with  oontiuaation  of  this  Hue  to  I>uwdle.] 

This  agrees  with  conoeotin^  railways  at  Benton  Jiinotioa,  Norwood,  Appleton, 
Ortooville,  Groton,  and  Aberdeen. 


Minneapolis 

Sburt  Line  Jnnction .....^ 

Sniiimit,  grade 

Nuck  of  land  between  the  Lake  of  the  Isles  and  Lake 

CalbooD,  natural  snrface,  856:  grade 

West  IfinDeapolis  Transfer,  at  Bass  Lake,  grade 

Bin  Lake,  water 

Hammit,cottiDg  17  feet;  grade 

Depression, filling  10  feet;  grade 

Hopkins  Station,  cutting  12  feet;  grade 

HiDDshaha  Creek, bed,  893 ;  grade 

Shidy  Oak  Lake, bed, 869;  water,905;  grado 

Crooingthe  Minneapolis  and  St.  Lonis  Railway 

Island  LaJce,  water,  802 ;  grade- 

Pnreatory  Creek,  bed,  (^ ;  grade 

Back  Lake,  water,  910 ;  grade 

Cbanhsssen 

Uke  Hazeltine,  water, 917;  grade 

Uizeltine 

Cbuska  Creek,  bed,  893 ;  water,  895 ;  grade 

Angosta 

we Ane. bed, 912 ;  water,  942;  grade  

C'&rver  Creek,  bed,  909 ;  water.  911 ;  grade 

Benton  Junction,  of  line  from  Hastings 

Cologne. 

Bommit,  cutting  9  feet ;  grade 

CroKing  the  Pacific  division  of  the  Minneapolis  and  St. 

Lonis  Railway 

Korwood 

Tiger  Lake,  water 

Summit,  ^  uiile  east  of  the  line  between  Carver  and  Mc- 

IanI Counties,  cutting  6  feet;  grade 

BufiiloCreek;  bed, 964;  grade 

Bnmmit,  cutting  5  feet;  grade  

Clenooe 

I'eat  marsh,  ^rade 

Bttmmit,  cutting  3  feet;  grade 

Bumtsr 


From  Minne- 
apolis. 


MUet. 


^prenion,  grade 

Bammit,  grade 

"•^vel  pits,  grade 

Boffalo  Creek,  water,  1,005;  grade. 

™'i>wnton 

Sainmit,  cutting  10  feet;  grade... 
^keAddie,  water,  1,007;  grade... 

™nunit,grade 

P^preesion,  grade 

^uimit,  cutting  3  feet ;  grade 

btewart. 


J^pPBwion,  g^rade 

gommit,  grade 

Jl^McDinghlin'B  Lake,  grade 

Crwk,  bed,  1,060:  grade 

"VQmit,  highest  between  Hastings  and  Ortonville;  grade 

°P»th  Fork  of  Buffalo  Creek,  bed,  1,067 ;  grade 

H«ctor 


&*mit,  grade. 

BalL72 


00 
1-8 

4-8 

5-4 
6*9 


8-2 
8-5 
8-9 
91 
12-2 
13-2 
14-5 
1&-3 
15-8 
18-4 
217 
21-9 
22  6 
27-1 
*28-6 
29-9 
30-7 
32  6 
37-0 

39-4 
39-9 
41*4 


Above  the  sea. 


Feet. 


826 
842 
880 

859 
884 
878 
913 
899 
911 
910 
909 
921 
897 
900 
C20 
965 
922 
928 
9*36 
978 
945 
921 
942 
945 
989 

972 

988 
977 


43-4 

1002 

46  4 

981 

50-7 

1019 

51-2 

1006 

53  0 

1027 

53-5 

1033 

570 

1035 

59U 

1012 

GO'3 

1036 

C.l-O 

1020 

(51-2 

1019 

Gl-4 

1024 

61  G 

10^0 

61-9 

1019 

64-1 

10o7 

64-4 

1049 

67-8 

1074 

681 

1064 

691 

1057 

701 

1070 

71-6 

10()4 

73-2 

1006 

77-4 

1093 

78-5 

1082 

79-5 

1081 

80-8 

1091 

88-5 

1089 

931 

1082 

98 
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CHICAGO.  MILWAUKEE  AND  ST.  PAUL  RAILWAY  SYSTEM— Continued. 

SASTINGS  AND  DAKOTA  DIVISION— Continued. 


I'>i.st  Fork  of^eaver  Creek,  bed,  1,066 ;  grade.... 

West  Fork  of  Beaver  Creek,  bed,  1,051;  grade 

Jv«>Liville .' 

fr)acred  Heart 

Hawk  Creek,  water,  963;  top  of  blulT  west  o{  creek, 
1,011;  grade 

Kji.Ht  line  of  Chippewa  Conuty,  grade   

Miuuesota  Falls 

Granite  Falls  

Palmer's  Creek,  grade 

Myer's  Station  and  Brofee's  Creek,  grade 

Kock  cut,  10  feet  deep;  grade 

Montevideo 

Chippewa  River,  water,  913;  grade 

Top  of  bluff,  grade 

Watson 

Beginning  of  descent  westward 

Deprehtiion,  level  grade 

Top  of  asceiidiDg  grade 

Milnn 

Two  luiles  farther  northwest,  grade 

Summit,  grade , 

Appleton  Station,  and  crossing  the  Watertown  and 
Huron  Branch  of  the  St.  Paul,  Minneapolis  and  Mani- 
toba Railway 

Pomme  de  Terre  River,  w  iter,  978;  grade > 

(This  railway  is  straight  from  158*6  miles  to  Odessa, 
a  distance  of  14  miles.  ) 

East  line  of  Big  Stone  County,grade 

Correll 

Summit,  level  grade 

Odessa 

Stony  Run,  water,  958 ;  grade 

iSuinmit,  gratlo : ,., 

.Junction  of  the  Fargo  and  Southern  Railway,  and  of 
spur  to  Ortonville 

Ortonville  (on  spur,  1'2  miles  from  main  line) , 

Mi  unesot  a  River,  betl,  902 ;  grade 

Big  Stone  Lake,  low  and  high  water,  9G2-967 ;  ordinary 
stage  of  water 

Big  Stone  City , 

Whetstone  River  beside  this  railway,  water,  973;  grade. 

Cut,  4H  feot  di»op  ;  grade 

Whetstone  River,  bed,  998;  water,  1,005;  grade 

Milbank,  Jnnction  of  the  Whetstone  Branch 

Foot  of  the  Cotcau  des  Prairies,  near  Twin  Brooks  Station 

Marvin 

West  line  of  Grant  County,  grade 

Summit  Station,  on  the  crest  of  the  Cotean  des  Prairies, 
cutting  3  feet,  highest  grade  on  this  line 

Depre.«Hion,  filling  7  feet ;  grade 

Summit, natural  surface  and  grade 

Waubay 

Depression, filling  9  feet;  grade 

Summit, cutting  7  feet;  grade 

Depression, filling  11  feet;  grade 

Webster 

Summit, cutting  6  feet;  grade 

Bristol,  junction  of  line  to  Madison 

Andover,  junction  of  the  Harlem  Branch 

Foot  of  descending  grade,  filling  3  feet 

Groton,near  junction  with  branch  of  the  Chicago  and 
Northwestern  Railway 


From  Minne- 
apolis. 


MUea. 

93-6 

100-8 

104-3 

111-2 

116-4 
117-8 
118  4 
120-4 
122-8 
1284 
131-8 
i:i3-8 
l:J4-0 
136-6 
1401 
141-3 
144 '1-144 -6 
146-3 
1491 
LOl-l 
154-5 


157-3 
157-6 


161-4 
164  1 
165-4-166-5 
172-6 
173-3 
177-2 

177-9 
179-1 
178-6 

179-5 
179-5 
180-0 
1801 
180-8 
189-9 
198-0 
205-0 
210*7 


Above  the 


Feet 


267-3 


lorj 

1057 
1064 
1U61 

1017 

1047 

1011 

941 

921 

932 

948 

927 

930 

1009 

1029 

1028 

937 

993 

995 

1019 

1035 


1007 
10u7 


987 
i'80 
985 
963 
965 
1002 

097 

990 
972 

963 
979 
1003 
1005 
10-25 
1148 
1294 
1657 
1939 


212-3 

2000 

214-9 

1939 

217-5 

1961 

22r.-7 

1813 

2-28-7 

1803 

233-6 

1849 

2:<5-5 

1819 

2:J6-2 

1842 

-23ii-6 

1848 

247-6 

1775 

257-6 

1476 

261-7 

1349 

1904 


unuiL] 
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CHICAGO,  ^nLWAUKEE  AND  ST.  PAUL  RAILWAY  SYSTEM— Continued. 

HASTINGS  AND  DAKOTA  DIVISIOK-Gontiiiaed. 


Jamro  RiTer,  bed,  1,267 ;  water,  1,269 ;  top  of  river  bank, 

l,'i77;  grade ^ 

Bath 

Moccasio  Creek,  bed,  1,284;  grade 

CroMiiig  tbe  Chicago  and  Northwestern  Railway 

Aberdt^n,  jnnctiou  with  the  James  River  division 

Mina 

Ipswich 

Koseoi',  junction  of  branches  to  Orient  and  Eureka. ... 

bniimilt. grade 

Bordlo 


FromHhue- 
apolif. 


275-0 
278-4 
285-1 
285-8 
286-4 
299-5 
312-7 
328-0 
340-9 
343-2 


Above  the 


JVeC 


1282 
1301 
1295 
1300 
1300 
1432 
1530 
1826 
2017 
1995 


ORTONVILLB  TO  FABGO  (FABGO  AKD  SOUTHSBK  BAILWAY). 
This  agrees  with  cunnecting  railways  at  Graceville,  Sewall,  Wahpeton,  and  Fargo. 


From  Minne- 
apolia. 


Above  the  sea. 


JoDction  with  the  Hastings  and  Dakota  diTision,  main 
line,  near  Ortonvllle 

Top  of  continuous  ascent  from  the  Junction ;  grade 

Rupert ; 

Batavia 

Bnmniit,  natural  snrface  and  grade 

Tokaa Lake,  water,  1,091 ;  grade 

Graceville 

Crosiiig  the  Brown's  Valley  Branch  of  the  St.  Paul, 

'Minueapolis  and  Manitoba  Railway 

wine,  bed,  1,044;  grade 

Damont , 

Wheaton 

Mnstinka  River,  bed,  977 ;  grade 

Boomiit,  cutting  10  feet  in  gravel  and  sand,  a  delta  of 
Lake  Agassiz,  grade 

^iBdet  Sioux  River,  bed,  966;  ordinary  low  water,  968; 
grade 

ytiteRock 

Sewall  (Fttirmonnt) 

vrotting  the  Minneapolis  and  Pacific  Railway 

('rotting  the  St.  Paul,  Minneapolis  and  Manitoba  Rail- 

T*ay 

Tyler 

'''jhpeton,  crossing  the  Northern  Pacific,  Kerens  and 
Black  Hills  Railroad 

°^^>^  crossing  the  St.  Paul,  Minneapolis  and  Manitoba 
Railway 

^^bpeton  depot 

^o«tlhnU...:. 

Abererombie '.  ...11. !!!!!!  !I!II! 

^bristine 

H'ckson 

SlI^RiceSteti'on.-.^.^'Il.'."!."^"^'.".'"!!-'-.'."!-'!!'.! 

!^»W  Rico  River,  bed,  881;  grade 

ponders 

"!*^ Creek, bed, 882 ;  grade' !!..*. ""iJ!!!!"'!!!!*!! 

B'R  SL-ttghl  bottom,  897-894 ;  grade  (level  to  crowing  of 

_♦»»«  Northern  Pacific  Railroad) , 

rargu ' 


MUm. 

177-9 
180-9 
187-2 
190-1 
191-5 
197  1 
197-9 

198-3 
204-4 
208-2 
215-3 
215-9 

220-7 

224-2 
224-4 
234-2 
234-5 

2350 

240-6 

248-4 

248-6 
248-8 
256-0 
262-9 
272-6 
279-2 
284-6 
2851 
288-4 
289-3 

293-0-294-2 
294-9 


FeeL 


997 
1110 
1136 

116:^ 

1187 
1103 

nil 

1113 
1052 
lOls 
1018 
993 

10:36 

975 
973 
983 
985 

985 
969 

965 

965 
964 
l»52 
935 
928 
917 
911 
911 
907 
906 

905 
903 
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CHICAGO,  MILWAUKEE  AlTD  ST.  PAUL  RAILWAY  SYSTEM— Con tintiod. 

WHETSTONE  BKANCH. 


Milbaiik,  junction  with  tbe  Hastings  and  Dakota  di- 
vittion,  main  line 

Soutli  Branch  of  Whotstoue  River,  bed,  1,130;  f^rade 

Middle  H ranch  of  Whetstone  River,  bed,  1,131 ;  grade. .. 

Corona : '. , 

North  Krnnch  of  Whetstone  River,  bed,  1,1()6;  grade  .... 

Wilniot  (a  sninmit  of  grade,  en t ting  3  feet) 

Depression,  filling  8  feet ;  grade .- 

Summit, cutting  7  feet;  gra<te 

Depression  (Sonth  Brunch  of  the  Minnesota  River),  till- 
ing <!  feet;  grade 

Summit,  natural  surface  and  grade 

(This  snmmit  is  60  rods  sonth  from  the  end  of  the 
track.) 


From  Minneap- 
olis. 

Above  tbo  aoa. 

i/OM. 

Feci. 

189-9 

1148 

190-7 

1147 

194-1 

1145 

200-0 

1173 

204 -G 

1181 

206-8 

11U6 

208-2 

ll(i8 

212-7 

1-^01 

2151 

1179 

222-7 

1221 

RIVBU  DIVISION,  AND  PART  OF  THE  DUBUQTTE  DIVISION.  MAIN  LINE,  ST.  PAUL 

TO  LA  CROSSE  AND  NORTH  McGRKGOR. 

This  agrees  with  connecting  railways  and  other  divisions  and  branches  of  this 
system,  and  with  the  elevations  of  the  Mississippi  River,  determined  by  United 
States  engineers,  at  Hastings,  Cannon  Junction,  Wabasha,  Winona,  La  Crosse,  and 
North  McGregor. 


Minneapolis,  depot  of  this  railway,  Washington  avenne 

S.,  opposite  Fourth  avenue 

St.  Paul,  union  depot . 

Dayton's  Bluff  Station 

Newport 

Laugdon.... 

St.  Croix  Junction,  Stillwater  Branch 

Mississippi  River,  bed,  657  ;  extreme  low  water,  669 ;  or- 
dinary stage,  673;  extreme  high  water,  OiK);  grade 

Hastings  (a  summit  of  grade),  junction  of  the  Hastings 

and  Dakota  division , 

Vi'nni lion  River,  water,  675;  grade 

Ettor 

Kggleston , 

Cannon  Junction,  Cannon  Falls  line 

Cannon  River,  water, 677 ;  gnide 

Red  Wing 

(Zero  of  Red  Wing  city  levels,  at  low  water  of  the 

Mississippi  River  in  1859,  6Gd  feet  above  mean  sea 

level.) 

Waconta 

Frontenao 

LaiieCity 

Minnie  (or  Collins)  Creek,  water,  670;  grade 

Con  way  Creek,  water,  671 ;  grade 

(Lake  Pepin,  extending  from  Waconta  to  Read's 

Landing,  extreme  low  water,  6G4 ;  extreme  high 

water.  680-5.) 

Read's  Landing 

Mississippi  River  here,  extreme  low  and  high  water. .... 
Read's  Junction,  Chippewa  Valley  and  Superior  division 
Wabasha  (a  snmmit  of  grade)..... 


From  Minneap- 
olis. 

Above  the  sea. 

MiU$. 

Ftet. 

0-0 

826 

10-8 

703 

12-2 

707 

18-9 

749 

24-3 

811 

29-7 

694 

30-2 

704 

30-5 

707 

317 

693 

39  0 

689 

43-6 

689 

47-5 

692 

47-8 

691 

51-5 

685 

57-4 

706 

621 

718 

68-4 

703 

6U-U 

697 

70-9 

691 

>^ 

79-0 

asi 

790 

663-7-680-5 

79-8 

686 

811 

711 

uraiM.] 
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CHICAGO,  MILWAUKEE  AND  ST.  PAUL  RAILWAY  SYSTEM— Con  tinned. 

BIVSB  DIVISION,  ETC-^ODtinued. 


Midhnd  Janotion,  crosshif;^  the  line  to  Znmbrota  (Wa- 

baiiba  division) , 

Zumbro River,  water,  6i^;  grade 

K»^Hogg 

\Veav«T 

MioneiHk.1 

Mount  Vernon 

Whitman 

Minnesota  City 

Mississippi  River  here,  extreme  low  and  high  water 

SiPetcr  J nnction, crossing  the  Chicago  and  Northwest- 
ern Railway 

Winona 

Homer 

l^inoille 

Richmond 

Ihikota 

I>resba(:h 

Kiver  Junction,  with  tlie  Southern  Minnesota  division  . 

On  tine  to  La  Crosse  : 
Jnoction  with  tlie  Southern  Minnesota  division,  near 

vhc  west  end  of  the  hridge 

Li  Qtme  Bridge,  extreme  low  and  high  water  of  the 

Mi.<«ifnippi  River , , 

Oil  line  from  River  Junction  southward : 

I^  Cre8CL'nt 

^>nti)eni  Minnesota  Junction,  Dnhuque  and  Southern 

Miunesota  divisions 

Bnivrnsville 

«.'al«'tlnnia  Junction,  Preston  Branch 

Ktjw  Albin 

l^»n»ing ----....----..---.-..--................ 

•'•'\tmau*8 

IIar|H..|^8  Ferry *" ./.'.['.['/... 

W«"knii  Junction,  Wankon  Branch 

^''••■ili  McGregor,  junction  with  tlie  Iowa  and  Daltota 

P'yisitiu 

Mi-«»i?,8ipp|  Kiver  here,  low  and  high  water 


Above  tbe  sea. 


(>94 
093 
701 
672 
670 
673 
678 
673 
6l3-6tW- 

674 
G(H) 
Old 

r>.'8 

672 

fir>r> 

(>74 
643 


655 

6-28-643-5 

649 

643 
641 
639 
648 
632 
(;34 
646 
631 

fl2r» 
604-<>26 


STILLWATER  BRANCH. 
AgrciMn^r  with  connecting  railways  at  Stillwater. 


St  Croix  Junction,  River  division,  29*7  miles  from  Min 

neapolis 

PflintDouRlas 

^'f*«Kbt  Cooley,  grailo , 

'runt Brook,  grade 

Afton 

}%town  (South  Stillwater) 

t^^iilwater 


From  Hastings. 

Aliovo  tho  8ea» 

MUeg. 

Feet. 

0-8 

6:)4 

3-0 

709 

»-8 

700 

11-3 

699 

14-6 

(595 

17-6 

742 

22-4 

694 

25*7 

694 

( 


102 


ALTITUDES   BETWEEN   LAKE   SUPERIOR 
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CHICAGO,  MILWAUKEE  AND  8T.  PAUL  RAILWAY  SYSTEM-CoDtinncd. 

CA.NNON  FALLS  LINE.  RBD  WING  TO  NORTH  FIELD. 
This  agrees  at  Caunou  Junction,  Randolph,  and  Northfield. 

A  bore  the  8e«. 


RedWinR 

Cannon  Junction,  River  division 

Crossinj;  sloagh,  bottom,  675 ;  grade 

Deep  cut,  grade 

Welch 

Cannon  River,  bed,  732;  grade 

Same,  bed,  736;  grade 

Summit,  erade 

Creek,  bed,  771 ;  grade ^ 

Pine  Creek,  bed,  766;  grade 

Cannon  Falls 

Paz  ton's  Glen,  ^ade 

CroHsing  the  Clucago,  St.  Paul  and  Kansas  City  Railway, 
Randolph • 

Chnb  Creek, bed, 859;  water, 864;  grade. 

Waterford 

Crossing;  the  Wisconsin,  Minnesota  and  Pacific  (Minne- 
apolis and  St.  Louis)  Railway 

North  Held,  junction  with  the  main  line  of  the  Iowa  and 
Minnesota  division 


F§tL 


685 
692 
684 
730 
719 
752 
755 
821 
817 
780 
816 
841 

876 
877 
902 

912 

916 


WABASHA  DIVISION,  WABASHA  TO  ZCTMBROTA. 
This  agrees  with  the  Chicago  and  Northwestern  Railway  at  Zumbrota. 


Wabasha 

East  Wabasha 

Midland  Junction,  crossing  the  River  division 

Glasgow 

McCracken 

Theilman 

Lakey 

Keogan 

Millville 

Jarrett 

Hammond 

Funk 

Ziimbro  Falls 

Summit,  grade 

Depression,  grade 

Bright's 

Mazeppa 

Forest  Mills 

Summit,  grade 

Knmbrota 


From  Wabaaha. 

Above  the  sea. 

M'de». 

FeeU 

0-0 

711 

1-0 

680 

61 

694 

12-8 

715 

17-7 

731 

20-3 

742 

23-3 

755 

25-2 

758 

291 

786 

31-7 

791 

34-3 

804 

:J7-7 

819 

41-8 

835 

47-8 

894 

49-0 

867 

49-2 

871 

52-2 

9:M 

58-4 

969 

59-8 

985 

60.0 

979 

OPHAlLl 
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CHICAGO,  MILWAUKEE  AND  ST.  PAUL  RAILWAY  SYSTEM -Continued. 

CHIPPBWA  VALLEY  AND  SUPERIOR  DIVIStOJT,  WABASHA  TO  EAU  CLAIRE. 

Referred  to  sea  level  at  Wabasha  by  connection  with  the  River  division;  and 
ajEn-eitig  there  with  the  elevation  of  the  MissisHippi  River  determined  by  United 
Siatce  eni^neers,  and  at  Eau  Claire  with  the  Chicago,  St.  Paul,  Minneapolis  and 
Ohtaha  Railway. 


Wahasba 

Keatrs  Junction,  River  division 

Uissinippi  River  .it  mouth  of  tlio  Chippewa  River,  low 

water  (18()4),  (»(>;{;  hi;;h  water  (1880),  682;  grade 

Tre?ino 

PlDmer'sMill 

MaxwfU 

Cbippewa  River  here,  high  water  (1«80) 

Beef  Slough,  high  water  (1880),  703;  grade 

Roond  Hill  Station 

Donud 

E«^  Cedar 

Sed  Cedar  Janction,  Meuomonie  Branch 

Tyrone 

Meridian 

Curyville 

PortePs  Mills 

Cbippewa  River,  grade 

8bawtowu 

Cbippewa  River,  high  water,  780;  grade 

EioClaire 

^^fosriiif;  the  Chicago,  St.  Paul,  Minneapolis  and  Omaha 

Hallway 

Central  Transfer,  junction  with  the  Wisconsin  Central 

Railroad 

MENOMONIE  BRANCH. 

Re<1  Cedar  Junction,  with  the  foregoing 

Ctippvwa  KiViT  iHur  the  month  of  lied  Cedar  River, 

J^k^  water  ^^  1880),  728;  grade 

Duuuville 

DowDiville 

J«d  Cedar  Ri  ver,  h igh  water,  7rj8 ;  grade 

'tiijoniuuie ......... ........................... 

^«<lar  Falls 


From  Wabasha. 

Above  the  sea. 

MiUt. 

FeeL 

0-0 

711 

1-3 

68G 

1-6 

686 

3-3 

680 

5-6 

684 

11-4 

698 

11-4 

696 

141 

712 

15-8 

736 

18-5 

724 

24-7 

759 

25-7 

729 

27-4 

729 

32-4 

746 

36-9 

758 

43-2 

769 

46-3 

7a5 

46-5 

777 

47-8 

790 

48-0 

788 

48-8 

828 

49-8 

900 

729 


261 

736 

27-7 

731 

32-4 

754 

32-9 

765 

41-2 

605 

46-2 

867 

PRESTON  BRANCH. 


Caledouia.Jnnction,  Dubuque  Division,  mainline,  155'3 

mileefrom  Minneapolis 

"eeburg 

Foot  of  westward  ascent 

Ctledonia 

^pringOrove 

^«w  House 

*<*w. _:::::;:;:::; :::::..::.: 

Jj'mald  Switch 

tmiton 

^Armony  (a  summit  of  grade) 

•foot  Kiver,  water.  905;  grade 

"reeton 


From  Caledonia 
Janction. 

Above  the  sea. 

MUet. 

1 
FuL 

00 

639 

6-0 

659 

120 

971 

14  0 

1179 

2:?-8 

v.m 

290 

1194 

32-8 

1117 

:J7-0 

1354 

41-2 

1330 

46-6 

1339 

570 

920 

58-0 

922 
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CHICAGO,  MILWAUKEE  AND  ST.  PA-UL  RAILWAY  SYSTEM- Continue 

IOWA  AKD  MINNESOTA  DIVISION.  MAIN  LlJnS.  MINNEAPOLIS  aItD  ST.  PAU] 

AUSTIN  AND  CALMAB. 

This  agrees  with  connecting  railways  and.  other  divisions  and  branches  of 
system  at  St.  Panl  Janction,FanuingtoD,Northtield,  Faribault,  Owatouna,  Ran 
Austin,  Taopi,  Couover.  and  Calinar. 


From  Hinne- 
apolifl. 


AboTe  tli> 


Minneapolis 

St.  Paul  Junction,  Mendota,6'4  miles  from  St.  Paul 

Summit,  cutting  5  feot ;  grade 

Westcott 

At  alake2  miles  sonth;  grade 

Summit,  grade 

At  Keegan's  Lake,  grade < 

Kosemount 

Vermilipn  River,  water,  890;  grade 

Farmiugton,  crossing  the  Hastings  and  Dakota  division  . 

Farmiugton  depot , 

Summit, cutting  11  feet;  grade 

Castle  Rock 

(The  height  of  ''  Castle  Rock  "  above  the  adjoining 
surface  is  44  feet ;  of  its  slender  portion  above  the 
broader  pedcHtul,  l\)  feet.) 

ChnbCreek, water,  1)1»;  grade 

(Summit,  cutting  12  feet:  grade 

Northfield,  junction  with  the  Cannon  Falls  line 

Heath  Creek,  water,  906 ;  grade 

Duudas 

Wolf  Creek,  water,  948 ;  grade 

Snmmlt, cutting  9ifeet;  grade 

Depression,  grade 

Snmmit, cutting  30 feet;  grade 

Cannon  River,  water, 960;  grade 

Crossing  the  WIhcousIu,  Minnesota  and  Pacific  (Minne- 
apolis and  St.  Louis)  Railway 

Faribault : 

Summit, cutting 4  feet;  grade 

Summit,  cutting  14  feet ;  grade 

Straight  Rlyer,  low  and  high  water.  1,070-1,086;  grade. 

Medford 

Clinton  Falls 

Maple  Creek,  water,  1,118;  grade 

Owatonna  depot  and  crossing  tho  Winona  and  St.  Peter 
division  of  the  Chicago  and  Northwestern  Railway 

Summit,  grade , 

Pratt 

Aurora , 

Turtle  Creek,  water,  1,240;  grade 

Bixby 

Summit,  grade , 

Blooming  Prairie 

Madison 

Lansing 

Ramsey,  crossing  the  Sonthern  Minnesota  division 

Red  Cedar  River,  bed,  1,186;  water,  1,1U1;  grade 

Wolf  Creek,  bed,  1,182;  grade 

Austin 

Dobbin's  Creek,  bed,  1, 177 ;  water,  1,181 ;  grade 

Austin  Junction,  Austin  and  Mason  City  line 

Rose  C  reek ,  bed ,  1, 228 ;  grade 

Rose  Creek  Station , 

Summit, cutting 7  feet;  grade 

Little  Cedar  River,  water,  1,258;  grade 

Creek,  bed,  1,2()5 ;  grade 


MiUt. 
00 

8-4 
150 
160 
180 
20-0 
20-5 
221 
28-9 
291 
29-3 
32-6 
361 


37-8 
40-8 
42-2 
43-3 
45-3 
46-4 
600 
50-8 
53-6 
550 

55-2 
55-8 
58-5 
61-2 
64-8 
651 
66-9 
70-3 

710 

74-7 

76-2 

79-7 

80-2 

82-9 

86-5 

88-9 

94-5 

981 

1006 

101-0 

102-2 

10;  J -6 

103-9 

1041 

1114 

111-8 

115-2 

116  0 

117-9 


FeeL 


oraiM.) 
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CHICAGO,  MILWAUKEE  AND  ST.  PAUL  RAILWAY  SYSTRM-Contiiuu'd. 
•    IOWA  AND  MINNESOTA  DIVISION— Con liuuod. 


Adams 

Sammit, catting  2  foet;  grade 

Taopi,  near  croHsiog  of  the  Chicago,  St.  Paul  and  Kan- 

ttiCity  Railway ^ 

Creek,  be<l,  1,276;  grade 

Creek,  bed,  1,274;  grade 

Snmniit, entting  5  feet;  grade 

LeBoy 

8Uite  line,  natural  sarfaoe  and  grade 

SteffCreek,  water,  1,231;  grade 

Chester 

BeaverCreek,  water,  1,193;  grade 

Cpt  19  feet  deep;  grade 

Lime  Springs 

Snotiiit,  entting  7  feet ;  grade 

HcadofTarkey  River,  bed,  1,263;  grade 

Bonair  (a  snmniit  of  grade) 

DepieRsiony  grade 

Creaco 

Depression,  level  grade 

Soinniit,  natural  surface  and  grade 

Depreision,  filling  21  feet;  grade 

CoDover,  Junction  of  the  Decorah  Branch 

Soramit,  natural  surface  and  grade 

Calmar,i unction  with  the  Iowa  and  Dakota  division, 42 

miles  from  Nozch  McGregor 


From  Minne- 
apolis. 

Abovo  tho  sea. 

MOet. 

Feet, 

118-2 

1=282 

1-a-i 

1349 

121-9 

131^ 

1-27-1 

1291 

127-6 

1291 

128-4 

1306 

129-9 

U<i 

130-4 

l-'r.9 

134-1 

1-212 

137-4 

12:^2 

141-0 

1-20-^ 

142-2 

1-245 

14-2-4 

1*246 

144-6 

l'2iW 

147  0 

1270 

147-5 

1309 

151-0 

l-2t>9 

153-5 

13(»0 

154-7-155-7 

128.1 

156-5 

1300 

164-9 

1190 

169  5 

12:J5 

171-6 

1-288 

172-5 


1257 


AUSTIN  TO  MASON  CITY. 
"I^is agrees  with  connecting  railways  at  Lyle,  Plymouth  Junction,  and  Mason  City. 


Austin  Janction,  with  main  line  of  the  Iowa  and  Minne- 
sota division    

jo»  Creek,  water,  1,171;  grade 

^nimit,  grade 

Impression,  grade 

^^jnnction  with  Minnesota  Branch  of  the  Illinois 
Central  Railroad,  and  crossing  the  Chicago,  St.  Paul 
»nd  Kansas  City  Railway 

At  the  State  line,  grade 

*««  Cedar  River,  water,  1,124;  grade 

^iranto.....j...... 

J;»fpenter '. illLilllir.'..'"". !..!..  II! 

Otafton 

^^ymonth.' III. '..'."'.""."  I"  Jll.'Iiri."*"!.'."".  I. 

™ynioQth  Junction,  Burlington,  Cedar  Rapids  and  North- 
ern Railway  

Jonction  with  the  Central  Iowa  Railway 

JoDction  with  the  Iowa  and  Dakota  division 

'^^^  City,  116  miles  from  North  McGregor 


From  Minne* 
anolifl. 


MOet. 
104-1 
107-5 
1090 
113-7 
115-0 


115-2 
1 15-4 
llH-2 
118-8 
1-22-2 
128-7 
135-2 

1361 
143-1 
U:\"l 
113-4 


Aliovc  the  Rca. 


Feet. 


1*200 
1191 
1-21:^ 
1191 
1206 


1200 
1192 
1147 

11  ;n 

III'O 
12JS 
11.5 


11  J.; 
1 1 »:. 

II. '7 
1I-2S 


I 


106 


ALTITUDES   BETWEEN   LAKE   SUPERIOR 


[BVLU72. 


CHICAGO,  MILWAUKEE  AND  ST.  PAUL  RAILWAY  SYSTEM— Continued. 

D£CORAH  BRANCH. 
This  agrees  with  the  Barlin^i^n,  Cedar  Rapids  and  Northern  Railway  at  Decorah. 


Conover,  jnnction  with  the  main  line  of  the  Iowa  and 

Minnesota  divison 

Creek,  topofbanky  1,058;  water 

Creek,  top  of  bank,  9U4;  water 

Creek,  top  of  bank,  897 ;  water 

Decoruh 


From  Minn«- 
apolU. 


JTOm. 
169-5 
172-3 
175-0 
178-0 
178-5 


Above  the  aea. 


¥tti. 


1235 

1032 

984 

885 
875 


SOUTHERN  MINNESOTA  DIVISION,  MAIN  LINE,  LACROSSE  TO  WOONSOCKBT. 

This  division  and  the  Mankato  Branch  are  from  manascriptsand  profiles  famished 
by  George  B.  Woodwurth,  assistant  engineer,  Milwankee. 

Notes  of  this  division,  which  were  received  in  1881,  extending  from  La  Crosse 
to  5  miles  west  of  the  James  River,  and  including  the  Mankato  Branch  and  the  line 
to  Sioux  Falls,  give  elevations  above  low  water  of  the  Mississippi  River  at  La  Crosse, 
where  tlioy  are  referred  to  sea  level  by  the  determination  of  that  elevation  by  United 
States  engineurs.  Comparing  these  notes  with  the  connecting  railways,  which  latter 
are  known  to  be  correct  by  their  mutual  agreements,  they  are  found  to  match 
exactly  at  Ramsey,  Albert  Lea,  Winnebago  City,  and  the  Blue  Earth  River,  and  on 
the  Mankato  Branch  ;  bat  in  proceeding  thence  westward  additions  are  reqnired  and 
are  here  made  as  follows:  At  Prairie  Junction,  7  feet;  and  at  Sioux  Falls  Janction 
and  forward  across  the  James  River,  10  feet,  making  a  discrepancy  of  3  feet  with  the 
])reccding.  These  additions  begin  at  the  stations  mentioned,  and  that  at  Prairie 
Junction  continues  to  the  next  correction.  Four  feet  of  the  discrepancy  between 
the  Blue  Earth  River  and  Prairie  Junction  are  allowed  at  the  east  end  and  3  feet  at 
the  west  end  of  the  intervening  portion.  With  these  adjustments,  the  greater  part 
of  the  series  is  known  to  be  correct,  and  the  limits  of  error  in  other  parts  nowhere 
exceed  4  feet. 


La  Crosse  Bridge,  extreme  low  water  of  the  Mississippi 

River,  C2ri-0;  extreme  high  water  (1880),  613-5 

Junction  with  the  River  division,  near  west  end  of  bridge. 

La  Crescent 

Junction  with  the  Dubnque  division 

Root  River  bridge 

Hokah    

Root  River  bridge 

Mound  Prairie 

Root  River  bridge 

Houston 

Root  River  bridge 

Money  Creek  Station 

Rushford 

Peterson 

Whalan 

Root  River  bridge 

Root  River  bridge 

Lanesboro 

Root  River  bridge 

Isinonr's 

Fountain 

Depression,  grade 

Siiiinnit.  grade 

Wykoff 

Snnnnit,  j;r;ide 

Spring  Valley 


From  LaCro886 

Above  the  sea. 

UUm. 

FMt. 

2-8 

628-643-5 

3-2 

655 

4-1 

649 

64 

643 

7-6 

650 

9-9 

651 

15-0 

665 

16-2 

662 

18-0 

671 

231 

asi 

26-6 

705 

27-5 

701 

34-8 

7-i4 

39-8 

758 

49-1 

788 

5i-0 

803 

53-5 

826 

54  0 

843 

57-7 

875 

59*6 

901 

65-3 

1304 

66-6 

1261 

70-7 

vxxt 

72-4 

1312 

74-5 

1369 

79-6 

1268 

1 
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CHICAGO,  MILWAUKEE  AND  ST.  PAUL  RAILWAY  SYSTEM— Continued. 

SOUTHERN  MINNESOTA  DIVISION— Continuod. 


SomniU,  grade 

Grand  Meadow 

UepiYHsion,  grade 

Drxtcr 

Brouusdale 

Rml  Cedar  River,  water 

RsuiMeT,  crossing  the  Iowa  and  Minnesota  division 

Tartle'Creek,  water,  1,192;  grade 

Oakland..............,..!.. I 

Sanimit,  grade 

Dfpressioo,  grade 

Hayward 

Snmmit,  grade 

Depression,  grade 

Albert  Lea 

Crossing  the  Burlington,  Cedar  Rapids  and  Northern 

and  Minneapolis  and  St.  Louis  Railways 

Sommit,  grade 

AniMirong 

Bninmit,  grade 

Alden 

Evaoa .* 

Welk 

JonctioD  of  the  Mankato  Branch 

^tOQ 

Samni it, grade 

Delavan 

I)«pre8«ion,  grade 

Croningthe  Blue  Earth  Branch  of  the  Chicago,  St.  Paul, 

MiDDeapolis  and  OuiahaRailwav 

Winnebago  City 

Blw  Earth  River,  water 

Fairmont 

Siwrbnme 

]|]^pofblnff  injunction  of  branch  to  Jackson  depot 

J«« Moines  River,  water,  1,300;  grade 

onnimit,  grade 

Lakefield  

Okabena 

Prairie  Jnnction,  crossing  the  Chicago,  St.  Paul,  Minne- 

•iwliaand  Omaha  Railway 

Kinbrae  (De  Forest) 

Gfaham  Lakes,  water 

Fnlda 

lona I..""IIlI!lIIl-"!.Il'm'l 

Soninlt,  grade 

Eoterinjjthe  Chanarambie  Valley,  grade 

^Qammbie  Creek,  water  at  last  crossing 

"Jferton 

foelt River,  water.... 

W»tfield.... 

£Viiimit,  highest  on  this  division,  grade 

l^ipeitone 

f'pestone  Creek,  water 

Airlie I:, 

Handreau 

2'g8ionx  River,  water 

Ejfan 

2>"nx  Falls  Junction,  Sioux  City  and  Dakota  division. .. 

oODunit,  grade 

Sooimit,  grade 

Sooiuiit,  grade .*.... 


Froiu  La  Crosao.  Above  the  sea. 


irUei. 

Feet. 

8G-1 

1300 

89-0 

1  40 

91-2 

1319 

95-7 

1416 

104  0 

1275 

108-9 

1199 

109-1 

1221 

113-7 

1205 

llo-9 

1273 

119-8 

1278 

123-6 

1249 

124-0 

1256 

127-5 

1271 

130-2 

1214 

130-6 

1229 

130-7 

1228 

134-9 

1331 

135-8 

1278 

139-5 

1325 

141-2 

1-269 

145-8 

1197 

150-3 

1161 

150-6 

1153 

159-3 

1054 

16:m 

1085 

1(55-3 

1065 

165-6 

1055 

172-2 

1103 

172-4 

1104 

174-5 

1022 

189-4 

1188 

202- » 

1285 

214-5 

1458 

217-2 

13()5 

222-9 

15-29 

226-9 

1475 

235-3 

1422 

2:\S'4 

1429 

245-7 

1461 

24r»-7 

1448 

252-2 

1523 

262-2 

1623 

266  0 

1720 

270-6 

1649 

279-7 

153<5 

281-2 

1565 

284-2 

1567 

28rt-2 

1677 

290-7 

17F9 

295-3 

1708 

299-0 

1592 

301-4 

1644 

3101 

1565 

312-6 

1510 

3 11  5 

1525 

316-4 

1514 

321-5 

1713 

335-0 

i:-i3 

337-3 

1709 
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CHICAGO,  MILWAUKEE  AND  ST.  PAUL  RAILWAY  SYSTFM— Continue 

SOUTHER!^  MIN19ES0TA  DIVISION— Con tinu-d. 


Madison  Lake,  2  miles  honth  of  last,  water 

Madison,  junction  of  line  to  Bristol 

Lake  llermau,  water,  1664  ;  grade 

Summit  of  morainic  hills,  approximately 

Top  of  river  bluff 

East  Vermilion  River  near  Winfred,  water 

Top  of  river  bluff 

Top  of  river  bluff 

West  Vermilion  River,  water 

Howard 

Bone  Creek,  bed,  1,477  ;  ^ade 

Top  of  creek  bluff 

Rock  (or  Red  Stone)  Creek,  bed,  1,382;  water,  1,385; 

grade 

Top  of  creek  bank 

Little  Jim  Flats 

Artesian 

Top  of  river  bluff 

Jauien  River,  about  160  feet  wide,  water,  1,213;  grade.. 

Forestburg 

Prairie  5  miles  west  of  James  River 

Woousocket,  junction  with  the  James  River  division  ... 


FromLaCrosso. 


MUeM. 
337-3 
339-6 
342-0 
348-8 
3490 
350-9 
352-3 
359-1 
3t]0*8 
361-3 
363-8 
367-4 

367-7 
868-3 
377-4 
380-9 
388-1 
389-6 
390-4 
394-6 
399-4 


Above  tfa< 


Feet 


MANKATO  BRANCH. 

Agreeing  at  Mankato  with  the  Chicngo,  St.  Paul,  Minneapolis  and  Omaha  Rail 
and  with  the  survey  of  the  Minnesota  River  by  United  States  engineers. 


Junction  with  tbe  Southern  Minnesota  division,  main 
line,  near  Wells 

Minnesota  Lake  Station 

Mapleton 

Maple  River,  water 

Good  Thunder 

Rapidan 

Le  Sueur  River,  water,  780;  grade 

Jnnction,  cro8&iug  the  Chicago,  St.  Paul,  Minneapolis 
and  Omaha  Railway 

Mankato 

Minnesota  River,  ordinary  stage  of  low  water,  756;  ex- 
treme low  and  high  water 


From  LaCrosae. 


150-6 
158-8 
167-4 
174-5 
175-2 
lbl-5 
1H3-9 

187-3 
188-4 

188-4 


Above  the 


Feet 


75^ 


OWA  AND  DAKOTA  DIVISION,  MAIN  LINE,  NORTH  McGRKGOR  TO  CriAMBERL 

This  division  (with  its  Estherville,  Okoboji,  and  Running  Water  branches),  ex( 
ing  tbo  portion  of  the  main  line  between  North  McGregor  and  Algous,  is  froui  Gc 
B.  Wood  worth,  assistant  engineer,  Milwaukee. 

Referred  to  sea  level  by  the  elevation  of  the  Mississippi  River  at  North  McGn 
determined  by  United  States  engineers,  and  agreeing  exactly  or  closely  with 
iiecting  railways  and  other  branches  of  this  system  at  Calraar,  Mason  City,  (Ijm 
Britt,  Emmetsburg,  Sheldon,  Canton  Junction^  Parker,  Marion  Junction,  and  M 
ell,  and  with  the  elevation  of  the  Missouri  River  at  Chamberlain,  determine) 
the  Missonri  River  Commission. 

Between  Calmar  and  Mason  City  this  accordance  is  furnished  by  the  profiles  o 
Iowa  and  Minnesota  Division  from  Calmar  to  Austin  and  of  the  Austin  and  M 
City  line;  bat  on  the  profile  of  this  main  line  a  diiorepauoy  of  10  feet  exiiits  in 


ITOAK.] 
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distancef  by  which  Mnson  City  would  bo  placed  too  low.  Approximate  conipnrisons 
with  intersect  in  <;  railways  at  New  Hampton  and  Nora  Junction  indicate  thut  this 
discrepancy  probably  lies  between  those  stations ;  and  therefore  half  of  it  is  allowed 
at  eat'li  end  of  tho  intervening  portion. 

A  further  discrepancy  of  5  feet  exists  between  Mason  City  and  Britt,  whirh  would 
lower  the  crossing  of  the  Minneapolis  and  St.  Louis  Railway  at  Britt  and  the  lino 
thftnce  westward.  Three  feet  of  this  is  allowed  at  the  cast  end  of  the  intervening 
portion,  and  2  feet  at  its  west  end. 

From  North  McGregor  to  Calmar,  and  from  Britt  to  Chamberlain^  the  profile  has 
received  no  adjustments.  An  exact  comparison  is  supplii'd  by  the  Sioux  City  and 
Dakota  division  at  Sioux  Falls,  where  it  is  in  a;rreenieiit  with  the  Chicago,  St.  Paul, 
Minueapolis  and  Omaha  and  the  Burlington,  Cellar  Rapids  and  Northern  Railways. 
Together  with  its  connections  through  the  Sioux  City  and  Dakota  division,  i^-  gives^ 
elevations  of  the  Missouri  River,  stated  to  be  low  water,  at  Sioux  City  and  Cham- 
berlain, which  are  respectively  about  5  and  7  feet  above  the  elevations  of  extreme 
low  water  determined  by  the  Missouri  River  Commission.  It  is  probable,  however, 
that  these  are  harmonious,  the  reference  of  tho  railway  profiles  being  not  to  extreme 
low  water,  but  to  the  average  low  stage  of  the  river  as  it  is  maintained  through  the 
jsreater  part  of  the  year;  for  a  comparison  with  the  Missouri  River  at  Yankton  is 
Kipplied  by  Mr.  E.D.  Palmer, city  engineer,  showing  that  this  railway  there  agrees 
with  the  leveling  of  the  Missouri  River  Commission,  or  possibly  falls  1  or  2  feet  lower. 


UisKif»ippi  River  at  North  McGregor,  extreme  low  and 
hi<;)i  w«iter 

North  McGregor 

(Gnule  kkl  4*1  miles,  7.53;  at  7*6  miles,  near  Beulah, 
K>U;  and  at  11*2  miles,  1,053  feet.) 

MoDoua .- 

Somiuit, cutting  3  feet;  grade ..'. 

LoaDa 

DepresHion,  filling  6  feet;  grade 

Snnimit,  cutting  5  feet ;  grade 

Line  of  Clayton  and  Allamakee  Counties,  grade 

Ciwk,bed,'l,l:i2;  grade 

Postville 

8ttnimit, catting  5  feet;  grade 

Line  of  AllamaKoe  and  Winneshiek  Counties,  grade 

Castalia 

0«i5ian 

Cnrek,  bed,  1,2*24 ;  grade 

Uluiar,  junction  with  the  Iowa  and  Minnesota  division, 
172*5  mill  s  from  Minneapolis 

Tnrltey  River,  water,  990;  grade 

Jon  Atkinson 

«"uinit, cutting  7  feet;  giade 

Little  Turkey  River,  water,  1,047 ;  grade 

Commit, cutting  16  feet;  grade ; 

Crane  Creek,  water,  1,061 ;  grade 

Commit, cutting  22  feet;  grade 

^mniit, cutting  15  feet;  grade 

Jinm  Creek,  water,  1,106;  grade 

*«»tWapsipinicon  River,  water,  1,098 ;  grade 

Aeir  Hanii>t4>n,  near  crossing  of  the  Chicago,  St.  Paul  and 
Kansas  City  Railway 

Middle  Wapsipinicon  River,  water,  1,054 ;  grade 

vliickaBaw  (a  summit  of  grade) 

Keayer ^}ro<.k,  water,  995;  grade 

wttle  Cedar  River,  water,  1,001 ;  grade 

euminit,  cutting  5  feet;  grade 

Crowing  the  Minnesota  Branch  of  the  Illinois  Central 

.fiailroad 

Charles  City 

W  Cedar  River,  water,  988;  grade 

Snmmit,  natural  stir  face  and  grade 

^■iniit,  natural  surface  a\id  grade , 


From  North 


McGrejior. 

Above  the  aea. 

UilM. 

Feet. 

0*0 

604-626 

0*0 

625 

141 

1209 

14*2 

1213 

17*9 

11*20 

18*3  - 

11 01 J 

20-8 

1197 

22  6 

11^2 

23*3 

1149 

24-5 

1195 

25*2 

1214 

26-6 

1205 

:k)*6 

1245 

35*7 

1269 

411 

1246 

420 

1257 

47-3 

10iJ6 

47*7 

1011 

52*5 

1174 

55*2 

1064 

57*8 

1148 

59-6 

1073 

62*0 

1178 

62-9 

1196 

64-8 

1118 

66*5 

1110 

69-0 

1154 

72-8 

1070 

76-6 

1141 

80*8 

1008 

82*5 

1013 

85-4 

1126 

88*1 

1013 

88-5 

1005 

89*6 

1001 

93*5 

1080 

98*9 

1125 

110 
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CHICAGO,  MILWAUKEE  AND  ST.  PAUL  RAILWAY  SYSTEM— Coniinae 

IOWA  AND  DAKOTA  DIVISIOK--Contina6<L 


Flow!  Creek,  water,  1,076;  i;rade 

Siiitiiiiit,  cntiing3  feel;  grade 

Shell  Rock  River  near  Nora  Janet  ion,  Burlington,  Cedar 

Rapids  and  Northern  Railway,  water,  1,031 ;  grade 

Summit,  cutting  b  feet;  grade 

Liine  Creek,  water,  1,050 ;  grade 

Crossing  the  Central  Iowa  Railway,  Mason  City 

Junction  with  the  Austin  and  Mason  City  Line,  Iowa 

and  Minnesota  division 

Mason  City,  143'4  miles  from  Minneapolis 

Summit,  natural  surface  and  grade 

Crane  Creek,  water,  1,158;  grade 

Willow  Creek,  water,  1,164;  grade 

Same, wator,  1,176;  grade 

Clear  Lake  Station 

Summit, cutting  4  feet;  grade 

Career,  crossing  branch  of  the  Burlington,  Cedar  Rapids 

and  Northern  Railway 

East  Fork  of  Iowa  River,  water,  1,301;  grade 

West  Fork  of  Iowa  River,  water,  1,204;  grade 

Crossing  the  Minneapolis  and  St.  Louts  Riail way 

Britt 

Summit,  cutting  3  feet;  grade 

Wesley 

Algona 

Eafit  Fork  of  Des  Moines  River,  water,  1,105;  grade  ... 

Whittemoie 

Em metsbnrg,  junction  of  the  Estherville  Branch 

Des  Moines  Kiver,  here,  abont 

Ruthvon 

Spencer,  junction  of  the  Okoboji  Branch 

Hartley ; 

Sanborn  

Sheldon,  near  crowing  of  the  Chicago,  St.  Paul,  Minne- 
apolis and  Omaha  Railway.. 

Boyden 

Hull 

Summit,  grade 

Rock  Valley 

Rock  River,  water,  1,226;  grade 

Inwood  (a  summit  of  grade) , 

Big  Sioux  River,  bed,  1,225;  water,  1,228;  grade 

Canton , 

Cauton  Junction,  crossing  the  Sioux  City  and  Dakota 

division 

Worthing : 

Lennox , 

Depression,  Saddle  Creek,  natural  surface,  1,324;  grade 

Summit,  natural  surface  and  grade 

Vermilion  River,  bed,  1,286 ;  grade 

Parker,  near  crossing  of  the  Chicago  and  Northwestern 

Railway 

West  Fork  of  Vermilion  River,  bed,  1,326;  water,  1,328; 

grade , 

Summit,  natural  surface  and  grade 

Marion  Junction,  Running  Water  Branch 

Creek,  bed,  1,400;  grade 

Summit,  natural  surface  and  grade •• 

Bridgewater 

Pierre  Creek,  bed,  1,281;  grade 

Alexandria  —••••• 


From  North 
McGregor. 


101-5 
104-0 

106-4 
ir.90 
112-5 
115-65 

115-8 
116-0 
119-1 
120-4 
1210 
l'^2-4 
125-6 

i:a-5 

1370 
137-9 
144-3 
1461 
147  1 
155-1 
156-8 
16H-2 
169-9 
179-4 
192-4 
192-4 
203-7 
216-5 
233-3 
242-4 

252-7 
259-8 
266-5 
268-2 
275-1 
275-2 
2851 
291-6 
294-6 

295-2 
303-8 
310-6 
311-8 
314-2 
319*3 

323-8 

324-9 
328-2 
329-7 
333-2 
338-8 
344-8 
359-6 
360-6 


Above  the 


Feet 


uraiiLj 
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CHICAGO,  MILWAUKEE  AND  ST.  PAUL  RAILWAY  SYSTEM— Continued. 

IOWA  AND  DAKOTA  DIYISION— Contlnaed. 

» 


Johnson's  Creek,  bed,  1,263 ;  ^rade 

Sammit, catting  6  feet;  grade 

James  River,  bed,  l,20a;  water,  1,'^06 ;  grade 

Mitchell 

Jonctiou  with  the  James  River  division 

Moont  Yernon 

PUokiutou 

White  Lake  SUtion 

Kimball 

Pnckwaoa 

Cbamberlain 

Miaaonri  River  here,  low  water 

(Probably  this  refers  to  the  average  low  stage  of  the 
river  tnroQgh  the  greater  part  of  the  year.  Low 
water  November  30,  1882,  was  1,324*30,  aooordin^ 
to  leveling  and  gangs  records  of  the  Missonn 
River  Commission ;  but  the  extreme  low  water  of 
1873  was  1  foot  lower— abont  1,323  feet.) 


XTuiii  aorjta 

McGregor. 

AboFo  tho  sea. 

MiUt. 

Feet. 

3651 

1292 

367-3 

1341 

370-7 

1220 

374  0 

1301 

:r74-7 

1297 

385-8 

1413 

397  6 

1528 

409-1 

1()46 

421-3 

1788 

431-8 

1546 

441-0 

1363 

441*0 

1330 

BSTHSBVILLE  BBAKCH. 


This  agrees  with  the  Bnrlington,  Cedar  Rapids  and  Northern  Railway. 


Emmetsbnrg,  junction  with  the  Iowa  and  Dakota  di- 
Tition,  main  line 

CnMbiog  the  Bnrlington,  Cedar  Rapids  and  Northern 
Ksilway 

Hieh  Lake  Station 

I)m  Moines  River,  water,  1,236 ;  grade 

Suie,  water,  1,250 :  grade 

Eitherville 


From  North 
HoOregor. 


Above  the  sea. 


Feet 


1237 

1233 
1266 
1254 
12S0 
1298 


OKOBOJI  BBAKCH. 


Comparison  with  the  Bnrlington,  Cedar  Rapids  and  Northern  Railway  profile,  by 
vhieh  the  elevation  of  Spirit  Lake  is  determined  at  1,395  feet,  indicates  for  tnis  branch 
^nbtraetion  of  10  feet  at  East  Okoboji  Lake,  which  is  about  5  feet  below  Spirit 
l^e.  Excepting  the  junction  at  Spencer,  this  subtraction  is  made  at  all  the  poiuts 
iMie  noted. 


Speneer,  junction  with  the  Iowa  and  Dakota  diTision, 

nuuoline 

8(iininit,  grade 

Outlet  of  Spirit  and  Okoboji  Lakes,  water,  1,365 ;  grade . 

E«Bt  Okoboji  Lake,  water,  1,390 ;  grade 

Spirit  Lake  Station 


£  ruiu    a  urvn 

McGregor. 

Above  tbe  sea. 

JTOm. 

Feet. 

216-5 

1319 

224  0 

1439 

228-5 

1396 

23:i-5 

1397 

237-2 

1458 
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CHICAQO,  MILWAUKEE  AND  ST.  PAUL  RAILWAY  SYSTEM-Cootinued 

BiTirNnra  water  bbakgh. 

This  agrees  with  the  elevations  of  the  Missoari  River  at  Yankton  and  Rnnnj 
Water,  determined  by  the  Missouri  River  Counniasion. 


Marion  Junction,  Iowa  and  Dakota  division,  main  line  . 

Freeman 

Menno 

James  Rivor,  water,  1,178;  grade • 

James  Kiver  Station 

Scotland 

Junction  of  Yanktou  and  Scotland  line 

Tyndall 

Springfield ... 

Running  Water 

(MisMouri  River  here,  low  wat«r  November  18-30, 
1^1,  1,20:)*50  (Missouri  River  Commission);  ex- 
treme low  water,  about  1,201*50  feet.  The  rail- 
way profile  agrees  with  this,  at  least  approxi- 
mately; but  it  fails  t.o  note  the  elevation  of  the 
river,  so  that  no  exact  oomx)arison  is  supplied.) 


From  North 
McGregor. 


JfOM. 

3-29-7 
3401 
3510 
355-3 
355-7 
360-8 
361-8 
•373-8 
385-5 
392-1 


Above  the  a 


FuL 


SIOUX  CITY  AND  DAKOTA  DITISION.  MAIN  LINB,  SIOUX  CITY  TO  S6AN. 

This  line  and  its  branch  to  Yankton  and  Scotland  are  from  George  B.  Wood  wo 
assistant  engineer,  ftjilwaukee. 

It  agrees  with  connecting  railways  and  other  divisions  and  branches  of  this  syst 
at  Elk  Point,  Hawarden,  Canton  Junction,  and  Sioux  FallSi  and  with  leveling 
the  Missouri  River  Commission  at  Sioux  City. 


Sioux  City 

Missouri  River  here,  low  water , 

(Probably  this  refers,  as  at  Chamberlain,  on  the 
Iowa  and  Dakota  division,  to  the  average  low 
stage  of  the  river.  Its  extnme  low  and  high 
water  at  Sioux  City,  determined  by  the  Missoari 
River  Commission,  are  1,076-5-1,099  feet.) 

On  riviT  blutt',  heavy  side-cuttini? 

Big  Sioux  River,  water,  l,0d8;  grade 

Mc'Uook 

Jefferson 

Elk  Point,  junction  of  the  Yaukton  and  Scotland  line.. . 

Big  Sioux  River,  water,  1,098;  grade 

Westfield 

Akron :. 

Crossing  the  Chicago  and  Northwestern  Railway, 
Ha  warden 

Calliope ..• 

Bi;;  Sioux  River,  water,  1,162;  grade 

Ellen 

Big  Sioux  River,  water,  1,169;  grade 

Austin 

Bi;;  Sioux  River,  water,  1,181 ;  grade , 

Fairvicw 

Big  Sioux  River,  water,  1,186;  grade 

Beloit w. 


IVvni  Sioux 
City. 


JTOtf. 


0*0 
0-0 


1-5 
2-6 
7-7 
12-5 
210 
24-5 
27-7 
33*2 

45-2 
46-2 
490 
55-0 
56-0 
57-8 
58-0 
61-7 
62-0 
68-2 


Above  tho  a 


1 
1 


OPHAH.) 
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CHICAGO,  MILWAUKEE  AND  ST.  PAUL  RAILWAY  SYSTEM— Continned. 

SIOUX  CITY  AND  DAKOTA  DIVISION.— CopUnned. 


Big Sioax River,  water^  1;224;  grade 

CtotoD  Jnnction,  crosaiog  the  Iowa  and  Dakota  division 

Bvrisbnrg 

Bommit,  grade 

Cnwsing  the  Burlington,  Cedar  Rapids  and  Northern 

Railway 

Big  8ionx    River,   low  and  high  water,    l,37:i-l|378 ; 

gade 


(Tiiis  is  close  helow  the  npper  dam  of  Sionx  Falls, 
that  of  the  Cascade  Mills,  owned  hy  li^merson, 
Shennan  A  Co.,  which  has  a  head  of  10  feet,  from 
1,.%3  to  l,37:i  feet. 
Canal  of  the  Qneen  Bee  Mills,  owned  by  the  Sionx 
Falls  Water  Power  Company,  1,373;  tail-race  of 
■ame,  1,317 ;  the  head  or  fall  used  heinjj^  56  feet. 
PoDd  of  the  lowest  dam,  that  of  the  Sioux  Falls 
Mills,  owned  by  Webber,  Shaw  &  Martin,  1,317. 
This  has  10  feet  head.  Low  water  in  the  river 
below  it,  1,907  feet  ahove  the  sea,  is  taken  as  zero 
of  the  Sionx  Falls  city  system  of  levelings.) 

Siwx  Falls 

D.C.Rice, city  engineer,  supplies  the  following  eleva- 

tioDs  of  track  at  depots  in  Sionx  Falls : 

Chicago,  Milwaukee  and  St.  Paul 

Chicago,  St.  Paul,  Minneapolis  and  Omaha 

niinoia  Central 

Borlington,  Cedar  Rapids  and  Northern 

Top  of  steeply  ascending'grade  from  Sioux  Falls 

Big  Sionx  River,  water 

Dofl  Rapids 

BjgBioQx  River,  water 

Big8ionx  River,  water 

Bionz  Falls  Junction,  Soathem  Minnesota  division 

Egw , 


Item  Sionx 
City. 


MOm. 


68-4 
70-2 
8*2-8 
850 

880 

90*6 


90-6 


91-7 
109-2 
109-5 
116-4 
121-5 
122-3 
124-2 


Above  the  sea. 


Fut 


1239 
1263 
1419 
1502 

1406 

1395 


1393 


1393 
1397 
1397 
1400 
1422 
1470 
1485 
1479 
U{Y7 

1514 
1525 


ELK  POINT  TO  YANKTON,  SCOTLAND,  ARMOITB,  AND  MITCHELL. 

,  Aneeing  at  Tankton  with  the  Chicago  and  Northwestern  Railway  and  with  level- 
ing by  tlie  MiHSouri  River  Commission,  at  Scotland  with  the  Running  Water  Branch, 
*Dd  it  Mitchell  with  the  Iowa  and  Dakota  division. 


|ft  Point,  junction  with  the  foregoing 

Bnrbaiik 

'Mmilion ......... 

y«nnilion  River,  water,  1,129;  grade 

Meckling 

Otyville 

J^Qeii  River,  water,  1,161 ;  grade 

^>Betion  of  the  spnr  to  Yankton 

IiQkton  (on  spur,  1*4  miles  from  main  line) 

MiiMari    River  here,   low  water  November  24,  1881, 

1,160-76;  extreme  low  and  high  water,  about 

{{liQi&ity  grade 

utiea , ,.», 

Ball. 


From  Sioux 
City. 

Above  the  eea^ 

Uiiet. 

F09t. 

21-0 

1131 

29-6 

1142 

35*5 

1150 

37-0 

1150 

43-8 

1156 

50  0 

1167 

57-0 

1177 

600 

1180 

61-4 

1196 

61-4 

1157-1198 

65-3 

1358 

69-0 

1387 
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CHICAGO,  MILWAUKEE  AND  ST.  PAUL  RAILWAY  SYSTEM- Continued. 

ELK  POINT  TO  YANKTON,  STC-Continiied. 


Depression,  frrade - -• 

Lesterville — 

Juuctiou  with  the  Ranning  Water  Branch 

Scotland 

Tripp -. 

On  branch  from  Tripp  west  to  Arinonr: 

Summit,  grade •••. 

Delmont 

Armour 

On  line  from  Tripp  north  to  Mitchell: 

Parkston..... 

Ethan 

Mitchell,  junction  with  the  Iowa  and  Dakota  and  James 
River  divisions • 


Above  the  tea. 


1299 
1385 
1364 
1847 
1563 

1596 
1488 
1521 

1400 
1345 

1301 


MADISON  TO  BRISTOL,  AND  ANDOYBB  TO  HABLEIL 

Agreeing  with  the  Southern  Minnesota  and  Hastings  and  Dakota  d^^isions,  and 
with  other  intersecting  railway's. 


Madison,  on  the  Southern  Minnesota    division,   339*6 

miles  from  La  Crosse 

Ramona  (a  summit  of  grade) , 

Oldham , 

Lake  White  wood,  water,  1,687;  grade  on  bridge , 

Lake  Preston  Station , 

Crossing  the  Chicago  and  Northwestern  Railway 

Erwin  (asummit  of  grade) , 

Bryant 

Kent,  crossing;  the  Watertown  and  Huron  Br<anch  of  the 

St.  Paul,  Minneapolis  and  Manitoba  Railway 

Naples 

Crossing  the  Chicago  and  Northwestern  Railway 

EastElrod 

Garden  City 

Summit,  grade 

Bradley , 

Summit,  grade 

Butler 

Bristol,  Hastings  and  Dakota  division,  247'6  miles  from 

Minneapolis , 

Andover,   Hastings    and  Dakota  division,  junction  of 

branch  to  Harlem 

Pierpont  (a  summit  of  grade) , 

Langford 

Spain 

Britten , 

Newark 

Brampton 

Sargent 

Crossing  the  Minneapolis  and  Pacific  Railway 

Harlem 


From  Madison.   Abov«  the  mm. 


«s. 

AfC 

00 

1669 

10-3 

1801 

19-9 

17-21 

26-6 

1694 

30-3 

1722 

30-5 

17-24 

40-0 

1860 

47-5 

1844 

541 

1929 

60-6 

1791 

68-9 

1814 

69*4 

1818 

74-3 

1853 

75-8 

1862 

84-4 

1796 

89-9 

18G2 

96-7 

1820 

103-2 

1775 

113-2 

1476 

120-5 

1512 

1281 

1372 

135-3 

.  1827 

141-6 

1354 

151-6 

1308 

156-1 

1891 

161-8 

1303 

163-8 

1298 

168-8 

1323 

1 
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CHICAGO,  MILWAUKEE  AND  ST.  PAUL  RAILWAY  SYSTEM— Continnod. 

JAMJES  BIYBB  DIVISION,  MITCHELL  TO  BLLENDALE  AND    EDGELEY. 

This  agrees  ezaoUy  or  olosely  with  oonDectin^  railways  and  otbor  branches  of  this 
syntem  at  Wooiisocket^  Wolsey,  Redfield,  Aberdeen,  £Ilendale,aDd  Edji^eley. 


Mitebell,  374  miles  from  North  MoGre$;or 

Junction  with  the  Iowa  and  Dakota  division 

Letcher 

Drpreflsion  (Long  Lake)  filling  6  feet ;  grade 

Sammit,  nataral  surface  and  grade 

Woonsocket,  junction  with    the    Soathern   Minnesota 

division 

8sDd  Creek,  bed,  1,310;  top  of  creek  bank,  1,316 ;  grade.. 

Alpena 

Bammit,  natural  surface  and  grade 

Virgil 

Depression,  filling 6  feet;  grade 

Wolwy 

Crosnng  the  main  line  of  the  Dakota  division  of  the 

Chicago  and  Northwestern  Railway 

Cain  Creek,  bed,  1,^)20;  grade 

Sommit,  cutting  4  feet;  grade 

BonilU 

Tnlare 

Depreaion, filling 7  feet;  grade 

Sommit,  natural  surface  and  ^rade 

CrosBiog  the  Columbia  Branch  of  the  Chicago  and  North- 

vestern  Railway 

Redfield 

Croesing  the  Watertown  line  of  the  Chicago  and  North- 

wesiom  Railway 

TorUo  Creek,  bed,  l,2r>4 ;  top  of  creek  bank,  1,274 ;  grade. 

Soake  Craek,  bed,  1,248 ;  top  of  creek  bank,  1,270 ;  grade  . 
Ashton •. 1 

Batine,  bottom,  1,283;  grade 

Mellette 

BaTiDe,  bottom,  1,276;  grade 

Warner 

Bavine,  bottom,  1,281 ;  grade ^ 

Croning  the  Columbia  Branch  of  the  Chicago  and  North- 
western Railway 

Aberdeen,  Junction  with  the  Hastings  and  Dakota  di- 
vision  

Semmit, grade 

Westport 

|lm  Hiver,  bed,  1,318 ;  top  of  river  bank,  1,8'.B0 ;  grade. . . 

|pmniit,natuTad  surface  and  grade.... 

FNerick 

Maple  River,  bed,  1,359;  grade 

BBnimit,  natural  surface  and  grnde 

JfprpSBion, filling  12  feet;  grade 

£n«Qdale,  near  crossing  of  the  St.  Paul,  Minneapolis  and 
Manitoba  Railway 

Daane 

Monango,  near  cioasing  of  the  Minneapolis  and  Paoific 

gKailway 

Saminik,  grade 

^^1«7,  near  crossing  of  branch  of  the  Northern  Paoific 
Railit)ad «. 


1S»«2 


From  MItchelL 

Above  the  sea. 

JTOm. 

Feet 

00 

1301 

0-7 

1297 

150 

1300 

19-2 

1289 

22-5 

1315 

28-2 

1308 

85-8 

1319 

380 

1319 

42-8 

1363 

46-4 

1341 

48-7 

1316 

54-6 

1353 

55*0 

1352 

571 

1:^29 

59*2 

1360 

67  0 

1338 

77-7 

1317 

80-0 

1297 

81-9 

1331 

85-7 

1296 

87-2 

1295 

87-4 

1294 

87-8 

1278 

93-3 

1270 

95-7 

1296 

100-3 

1300 

106-7 

1300 

116-6 

1290 

118-4 

1301 

122-3 

1291 

125«5 

1299 

128-3 

1300 

139-3 

1361 

141-1 

1333 

141-3 

1333 

150-6 

1401 

153-9 

1371 

154*4 

1371 

161-1 

1440 

161-6 

1419 

165-7 

1449 

170-6 

1478 

178-1 

1503 

191-4 

15C6 

1556 
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CHICAGO,  MILWAUKEE  AND  ST.  PAUL  RAILWAY  SYSTEM— Continued. 

OmBNT  TO  EUREKA. 

Referred  to  sea  level  by  the  line  from  Abenleen,  and  agreeing  (at  least  approxi- 
mately) with  the  Chicago  and  Northwestern  Rail  way. 


- 

From  Orient. 

Above  the  nea. 

Orient .--. 

Milei, 

0*0 

9-3 
18-3 

29*0 

41-3 
52-4 
59-6 
C7-6 

FetL 
1599 

Faulkton,  near  croesing  of  the  Chicago  and  Northwest- 
ern Railway  ......................................... 

1573 

Millard 

1640 

Lovalton...... 

1685 

RoBCoe,  328  miles  from  Minneapolis,  on  line  from  Aber- 
deen to  Bowdle.... ........................ ..I........ 

1826 

Hosmer  ..•..•.......•.••.••..••.•..................•... 

1901 

Hillsview ............  ......•..••. ........ .............. 

1849 

Enreka  ................••••••........ 

1884 

• 

CHICAGO  AND  NORTHWESTERN  RAILWAY, 

[From  John  E.  Blnnt,  en^neer,  WiDona.] 

HINNE90TA  (WTSOUTA  AND  ST.  PETER)  DIVISIO>f,  AND  ITS  EXTENSION  IN  SOUTH 
DAKOTA,  MAIN  LINE,  FROM  WINONA  TO  ST.  PETER,  TRAC?,  WATERTOWN,  RED- 
FIELD.  AND  GETTYSBURG. 

Referred  to  sea  level  by  the  elevation  of  the  MissisRippi  River  at  Winoua,  deter- 
mined by  United  States  engineers,  and  agreeing  exactly  or  closely  with  connecting 
railways*and  other  divisions  and  branches  of  this  system  at  Winona,  Ziiuibrota  J  a  no- 
tion. Dodge  Centre,  Owatonna,  Waseca,  Kasota,  Redwood  Junction,  Tracy,  Water- 
town,  Doland,  and  Redfield. 


Winona,  extreme  low  and  high  wat<er  of  the  Mississippi 
River 

Top  of  rail  on  drawbridge 

Winona,  passenger  depot 

Winona,  railroad  yard  and  freight  depot 

Minnesota  City 

Stockton • 

Lewiston 

Utica 

St.  Charles 

Dover 

Eyota 

Chatfield  Junction 

Plainview  Jnnction 

Chester 

Rochester 

Zumbrota  Junction 

Olnist'Od..... « ... 

Byron 

Kasson 

Dodge  Centre,  near  crossing  of  the  Chicago,  St.  Paul  and 
Kansas  City  Railway 

Claromont 

Havana 

Owatonna,  near  crossing  of  the  Iowa  and  Minnesota  di- 
vision of  the  Chicago,  Milwaukee  and  St.  Paul  Rail- 
way  

Meriden..... 

Waseca,  near  crossing  of  the  Minneapolis  and  St.  Louis 
Railway 

Janesville 

Eagle  Lake  Station •••• , 

MBaJr»toJanotion,^mm  .•••.. 


From  Winona. 

Above  the  sea. 

• 

JfOM. 

Feet 

0-0 

639-19-656-27 

0  0 

670 

00 

668 

0-0 

649 

5-9 

676 

11-3 

753 

18-3 

1211 

22  7 

1170 

28-3 

1139 

32-2 

1138 

36-9 

1237 

377 

1275 

87-9 

1275 

42-7 

1122 

49-2 

991 

50-6 

999 

54-2 

1054 

58-7 

1250 

63-9 

1252 

69-2 

1288 

76-3 

1280 

83-9 

1246 

88*2 

1144 

963 

1149 

102-6 

1153 

112-9 

1063 

122-5 

1012 

1280 

906 

urn  AX.  I 
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CmCAOO  AND  NORTHWESTERN  RAILWAY- Continued. 
ICINXBSOTA  DIYISIOK,  BTO.— Contiimed. 


From  Winona. 


Above  the  sea. 


Mftnkftto(on  0pnr,3  miles finom  mainline) 

Kasota,  Junction  with  Chicago,  St.  Paul,  Minneapolis 
and  Omaha  Railway 

Minnesota  River,  low  and  high  water,  733-7&5 ;  grade — 

St.  Peter 

Oshawa. •••••.... 

Nicollet 

Coartland 

Minnesota  River,  low  and  high  water,  782-807 ;  grade — 

NewUlm 

Milford 

Sleepy  Eye 

Redwood  Junction,  Redwood  Falls  Branch 

Springfield 

Sanborn ..« 

Lamberton 

Walnnt  Grove 

Traey,  Junction  of  the  Dakota  division 

Amiret 

Marshall,  near  crossing  of  the  Willmar  and  Sioux  Fails 
(St  Paul,  Minneapolis  and  Manitoba)  Railway 

Grand  View..... 

Minneota ••...•• 

Canby ..•• 

Gary 

AlCamont 

Goodwin  (crest  of  the  Coteau  des  Prairies) 

Kranzbarg 

WatertowD,  Jnnction  witii  line  from  Brookings , 

(According  to  Mr.  George  W.  Carpenter,  county  sur- 
veyor, Wat«rtown,  this  depot  is  1  foot  below  that 
of  the  Minneapolis  and  St.  Lonis  and  Burlington, 
Cedar  Rapids  and  Northern  Railways,  and  7  feet 
above  that  of  tbe  St.  Paul,  Minneapolis  and  Mani- 
toba Railway.) 

Crossing  the  St.  Paul,  Minneapolis  and  Manitoba  Rail- 
way  

Biir  Sioux  River,  low  and  high  water 

Lake  Kampeska,  water 

Kampeska 

Henry 

Elrod,  near  erossing  of  the  Chicago,  Milwaukee  and  St. 
Paul  Railway 

Clark  Centre 

Sanunity  grade 

Raymona 

Dolaod,  junction  of  the  Groton  Branch 

Frankfort 

Jaroce  River,  water 

Redfleld,  Junction  with  line  from  Huron  to  Oakes 

ZeU 

Roekham 

Miranda 

Crossing  the  Chicago,  Milwaukee  and  St.  Paul  Railway 

Faolkton 

Snake  Creek,  low  water 

Borkmers .••.......• 

oeneea. ...... ...•,,,,__,, ...••••....• .... ...... .... ... 

Snmmit,  grade 

l«baoon  (in  the  Blue  Blanket  Valley) 

Bomniit,  grade 

Qettysburg 


131-0 

133*8 
1350 
136-2 
146-3 
150-9 
158-5 
102-5 
165-3 
169-0 
179-7 
180-7 
193-2 
201-5 
206*8 
219-0 
226-5 
233-6 

243*8 
250-7 
256*5 
274-0 
284*6 
297*4 
305-9 
309*5 
319-1 


781 

804 

791 

812 

982 

980 

936 

821 

837 

994 

1034 

1015 

1025 

1089 

1144 

1223 

1403 

1283 

1174 
1173 
1179 
1243 
1484 
1834 
1996 
1982 
1733 


319*8 

1726 

3200 

1709-1715 

322-0 

1714 

327-3 

1766 

337-0 

1812 

842-3 

1807 

850*2 

1789 

351-5 

1854 

361*4 

1458 

369-4 

1355 

379-4 

1296 

380-8 

1240 

390-2 

1300 

400-8 

1365 

405-4 

1394 

413*8 

1447 

422-3 

1582 

422*7 

1595 

424-0 

1558 

432-2 

1748 

442-0 

1911 

451-8 

2045 

455-1 

1956 

464-0 

2104 

465-5 

2082 
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CmCAOO  AND  NORTHWESTERN  RAILWAY— Continued. 

CHATFIKLD  BBANCH. 


Tram  Wlnoiuk 


Above  the  sea. 


Chatfield  Jonctton,  Minnesota  division,  main  line.... 

Summit,  grade 

Chatfield 

PLAINVIBW  BRANCH. 

Platnview  Junction,  Minnesota  division,  main  line ... 

Doty 

Viola 

Wliitewater  Creek,  grade 

Eljjiii 

Plain  view -..«..-..  ..... 


JTOtf. 
37-7 
40-7 
48-9 


Ait 


127.'i 

129.-. 
970 


37-9 

1275 

40-0 

1310 

430 

1120 

470 

1055 

48-2 

1009 

52-9 

1167 

ZUMBROTA  BRANCH. 


Agreeing  at  Znmbrota  with  the  Wabasha  division  of  the  Chicago,  Milwaukee  and 
St.  Paul  Railway. 


From  WinoDft. 

Above  the  sea. 

Znmbrota  Junction,  Minnesota  division,  main  line 

Doufirlas...... -.-- 

Miiea. 
50*6 
58-2 
60-2 
61-7 
65-2 
65-8 
70-6 
731 
74-5 

Feet 

999 
1091 

South  Middle  Branch  of  Znmbro  River,  water,  966 ;  grade. 
Oronoco 

986 
1041 

North  Middle  Branch  of  Znmbro  River,  water,  984;  grade. 
Pine  Island - 

993 
9<>8 

Leua. ................ ........'. .^....... ................ 

1073 

Forest  Mills 

102:? 

Znmbrota....  .......................................... 

971 

REDWOOD  FALLS  BRANCH. 

Agreeing  at  Redwood  Falls  with  leveling  from  the  Minneapolis  and  St.  Lonis 
Railway. 


Redwood  Junction,  Minnesota  division,  main  line 

Morgan 

Pax  ton • ' 

Redwood  Falls 

Redwood  River  here,  at  the  head  of  the  falls , 

Same,  at  the  Minneapolis  and  St.  Louis  Railway  bridge, 
below  the  falls,  2i  miles  northeast  from  the  last > 


Above  the  sea. 


FeeL 


1015 
1050 
1039 
1033 
953 

831 


AKD   THE   ROCKY   MOUNTAINa 
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CmCAOO  AND  NORTHWESTERN  RAILWAY— Continued. 

GROTOK  BBANCH. 

Airreeing  at  Groton  with  the    HastiDgs  and  Dakota  dii  ision  of  the  Chicago,  Mil 
waokee  and  Bt.  Panl  Railway. 


From  Winooa. 

Abore  the  sea. 

Dolaad,  Janetion  with  extension  of  the  Minnesota  divi- 
sion, main  line. ...................................... 

JTilM. 
369-4 
380-3 
387-8 
393-8 
399*6 

408-2 

Fut. 
,       1355 

Tnzton........ •••••.••••......... - 

1323 

Conde  ....••.....••••.... .............................. 

1313 

Yerdon  ....•••..... .............. .... .................. 

1304 

Psmey. .... .... ...... ...... ...... ...... ...... .... ...... 

1300 

Groton,  Junction  with  the  Chicago,  Milwaukee  and  St. 
Paul  Railway 

1301 

DAKOTA  DITI8I0K.  MAIN  LINE,  TRACY  TO  PIEBRB. 

This  agrees  exactly  or  closely  with  connecting  railways  and  other  branches  of  this 
RXSiem  at  Elkton,  Watertown  Junction,  Iroquois,  James  Valley  Junction,  and 
Wolsey.  At  Pierre  the  elevation  of  the  Missouri  River  is  found  about  13  feet  higher 
by  this  sonrey  than  by  the  leveling  of  the  Missouri  River  Commission. 


Tracy,  junction  with  the  Minnesota  (Winona  and  St. 

Peter)  division.. 

Baiaton , 

Redwood....^. 

Redwood  River,  water,  1,592 ;  grade 

Tyler 

Lake  Benton  Station 

Lake  Benton,  water .., 

Sonimit  (Hole  in  the  Mountain),  grade 

Bepresrion,  grade 

Ysfdi 

Elkton,  near  crossing  of  the  Burlington,  Cedar  Rapids 
sod  Northern  Railway 

Aurora 

Sunmit,  grade 

BrookiDgs..... 

^sterfcown  Junction 

Big  Sioux  River,  water,  1,596 ;  grade 

Volga 

Arlington  (Koffdland) 

rnston 

DeSmet 

fiviDiDit,  grade 

jianehsster  (Fairview) 

lioqaoisyjnnotionof  the  Hawarden  line 

W0Q7 

J>*M River,  water,  1,22H;  grade 

Btion 

^»«s  Valley  Junction,  line  to  RMHold  and  Oakes 

Volley,   near  crossing  of  the  James  River    division, 

Chicago,  Milwaukee  and  St.  Paul  Railway.  .^^ 

Jeiaington 

5f- Lawrence  

Miller 

Jee  Heights 

BnubaU 

plfkmore 

Spninit,  grade. 

Holabiid. 


From  Winona. 


JTOm. 
*226-5 
239-5 
246-5 
246-6 
253-7 
261-5 
261-5 
262-5 
265-5 
267-6 

274-3 
285-1 
288-9 
290-8 
294-3 
296-4 
297-4 
308-3 
3210 
329-6 
331-4 
338-3 
344-8 
354-0 
361-8 
362-9 
367-0 

375-6 
387-6 
400-3 
402-8 
413-3 
419-4 
425-2 
4-27-4 
433*0 


Above  the  bmk 


Fut 


1403 
1528 
1631 
1631 
1750 
1759 
1754 
1762 
1715 
1771 

1751 
1630 
1683 
1636 
1604 
1607 
1636 
1846 
1696 
17-26 
1767 
1542 
1401 
1311 
1270 
1285 
1312 

1348 
1419 
1580 
1587 
1731 
181S 
1890 
1903 
1795 
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CHICAGO  AND  NORTHWESTERN  RAILWAY—Continuod. 

DAKOTA  DIYISIOK— Cootinaed. 


Harold 

Mediciue  Creek,  water 

Blunt : 

Canning 

Mediciue  Creek,  water 

Rouseeau 

East  Pierre 

Pierre  

Missouri  River  here,  low  water  (1879),  1,426;  extreme 
low  water  (IHrJ'i),  about  1,42H;  ordinary  stage  of  high 

water,  1,440;  exiremehigh  water  (18St),  1,445 

(According  to  leveling  by  the  Missonri  River  Com- 
mission, low  water  at  Pierre  November  30,  1882. 
was  1,413*80,  extreme  low  water  being  about  1,413 
feet.) 


BROOKINGS  TO  WATEKTOWH. 
Agreeing  with  connecting  railways  at  Watertown. 


Above  the 


Act 


1801 
1652 
1621 
1553 
1408 
1427 
1460 
1440 


142&-1445 


Watt-rtowu  Jnnctiou,  Dakota  division,  main  line,  294*3 

miles  from  Winona 

Bruce ......•..•• 

Estrliine • 

Dempster 

CaHtlewood 

Appleby. 

Watertown,  junction  with  the  Minnesota  division 


From  Brook- 
ing*. 

Above  the  oea. 

ifilM. 

WiMt, 

3-5 

1604 

11-7 

1640 

21-8 

1659 

26-5 

1666 

340 

1685 

40-6 

1711 

47-8 

1733 

HURON  TO  REDFIELD  AND  0AB:£S. 

Agreeing  with  connecting  lines  at  Redfleld  and  Aberdeen ;  bat  farther  north  re- 
quiring »  subtraction  of  8  feet,  which  is  here  made,  beginning  at  Ordway,  to  agree 
with  railways  at  Ludden  and  Oakes.  With  this  change  it  accords  well  with  the 
known  elevutituiH  of  the  James  River,  which  is  held  level  by  the  Columbia  dam  along 
a  distance  of  about  30  miles  to  Ludden. 


James  Valley  Junction,  Dakota  division,  main  line,  367 
miles  from  Wiuoua 

Broadland 

Hitchcock , 

Crandon  

Redfield,  crossing  the  exteusion  of  the  Minnesota  division. 

Athol 

Northville •••••...... 

Mansfield 

Rudolph 

Aberdeen,  juuctiou  with  the  Chicago,  Milwaukee  and 
St.  Paul  and  the  St.  Paul,  Minneapolis  and  Manitoba 
Railways 

Maple  River, low  water 

Ordway 

James  River,  below  the  Columbia  Mills  (head,  10  feet)  . .. 


^t>iii  Hnron. 

AboTotheaea. 

JCOm. 

Wt$L 

41 

1312 

12-4 

1908 

22*2 

1339 

32-6 

1305 

40-4 

1300 

60-4 

1296 

60-6 

1299 

66-6 

1300 

74-0 

1301 

82-6 

1300 

91-0 

1290 

91-1 

1306 

960 

1276 

ttUsMLi 
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CHICAGO  AND  NORTHWESTERN  RAILWAY— ContiQued. 
HURON  TO  ]£BDFI£LD  AND  OAKBS— Continaed. 


Lake  Colombia,  James  River  (raised  by  dam  8  feet  above 

its  iiainral  level ),  1,286 ;  grade  on  bridge 

Colambia 

Hongliton 

Hecia - 


Lndden 

JameM  River,  low  water  (level  of  Lake  Columbia),  1  mile 

west  of  Lndden 

Crmaing  the  St.  Paul,  Minneapolis  and  Manitoba  Rail- 


way 


C:  ossi ng  the  Minneapolis  and  Pacific  Railway , 

Cakes,  connection  with  the  Northern  Pacific  Railroad 

(James  River,  low  water,  4  miles  below  La  Monro, 
1,287  feet.) 


From  Huron.     Above  the 


MUet, 

96*5 

96-8 

1085 

117-2 

1261 


127-6 
135  6 
136-1 


Feet. 


1295 
1304 
1302 
1301 
1303 

1286 

1303 
1321 
1313 


HAWASDSN  TO  1R0QU0I& 
This  agrees  with  its  connecting  railways. 


Ha  warden,  near  the  crossing  of  the  Sioux  City  and  Da- 
kota division  of  the  Chicago,  Mllwankee  and  St.  Paul 
Railway 

Big  Sionx  River,  water 

Alcester 

Beresford 

Centervilie,  J  unction  of  the  Yankton  Branch 

Horley 

Parker,  near  crossing  of  the  Iowa  and  Dakota  division 
of  the  Chicago,  Milwaukee  and  St.  Paul  Railway 

Canistota 

Salem,  near  Janction  with  the  Sioux  Falls  Branch  of  the 
Chicago,  St.  Paul,  Minneapolis  and  Omaha  Railway.. . 

Canom ~. 

Vilaa 

Carthage 

Eamond 

Iroqooia, Junction  with  the  Dakota  division,  main  line  . . 


From  Hawar- 
den. 

Above  the  sea. 

MOee. 

JM. 

00 

1181 

10 

1147 

8-6 

1346 

17-4 

1505 

27-6 

12-29 

40-7 

1268 

49-6 

1340 

65-9 

1455 

76-0 

1517 

88-1 

1527 

98-2 

1480 

110-7 

1438 

117-6 

1433 

126-2 

1401 

YANKTON  BRANCH. 

This  agrees  at  Yankton  with  the  Chicago,  Milwaukee  and  St.  Paul  Railway,  and 
with  the  elevation  of  the  Missouri  River  determined  by  the  Missouri  River  Commis- 


Ceatcrville,  j  unction  with  the  foregoing 

Vermilion  Rtver,Iow  water,  1.183;  grade 

Wakonda  (a  summit  of  grade) 

Volin 

James  River  Jow  water,  1,164 ;  grade 

Yankton 

Miaaoori  River  here,  extreme  low  and  high  water,  about 


Above  the  sea. 

Feet 

1229 
1204 
1396 
1181 
1180 
1206 

1157-1198 
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CHICAGO,  ST.  PAUL.  MINNEAPOLIS  AND  OMAHA  RAILWAY. 

(From  piofllea  in  the  offlo«  of  T.P.  Qttn,  tapeilntendeiit,  and  O.  W.  Jobnson,  engineer,  St.  PauLJ 
SASTE&N  DIVISIOK.  FBOM  ST.  PAUL  TO  SAIT  CLAIRB. 

Referred  to  nea  level  by  the  elevation  of  the  Mimi48ippi  River  at  St.  Paul,  deter- 
mined by  United  States  engineers;  agreeing  with  the  determinatidn  of  Lake  St. 
Croix  by  United  Slates  engineers  and  with  connecting  railways  at  Eaa  Claire. 


1 


St.  Panl,  extreme  low  and  high  water  of  the  Mississippi 
River 

St.  Paul,  nnion  depot 

Junction  with  the  St.  Paul,  Minneapolis  and  Manitoba 
Railway • 

Trent  Brook,  bed,  754 ;  grade 

East  St.  Pan! -.. 

Bridge  over  the  St.  Paul  and  Dulnth  Railroad,  grade.  • .. 

St.  Paul  and  Duluth  grade 

Pbalen's  Creek,  bed,  803;' grade 

Post's  Station 

Phaleu*8  Crtek,  bed,  838;  grade 

Phaleu's  Creek,  bed,  853;  grade 

Creek,  bed,  892;  grade 

Top  of  ascent  from  the  Mississippi  River,  cnttiug  15 
feet;  grade 

Tamarack  swamp,  natnral  surface,  973;  grade 

Midvale 

Summit,  cutting  10  feet;  grade 

Oakdale 

Lake  Elmo  Station 

Lower  Buss  Lake  (or  Lake  Elmo),  water 

Upper  Bass  Lake,  water 

Crossing  road  on  east  line  of  Oakdale  township,  grade. .. 

Lake,  water,  913;  grade 

Summit,  grade 

Stillwater  Junction,  of  branch  to  Stillwater 

Lakeland  Junction,  Stillwater  Branch  of  the  Chicago, 
Milwaukee  and  St.  Paul  Railway 

Lake  St.  Croix,  ordinary  stage  of  water,  672-674 ;  ex- 
treme low  and  high  water,  667-687;  grade  on  the 
drawbridge 

River  Falls  Junction,  of  branch  to  River  Falls 

Hudson 

North  Wisconsin  Junction,  of  line  to  Bayfield  and  Duluth . 

Chapman 

Roberts 

Hammond 

Baldwin 

Woodville 

Hersey 

Wilson 

Knapp 

Menomonie  Junction,  of  branch  to  Menomonie 

Red  Cedar  River,  ordinary  low  water,  800;  high  water 
(1881),  816;  grade 

Rusk 

Elk  Mound 

West  Eau  Claire 

Chippewa  River,  ordinary  low  water,  770 ;  high  water 
(1884),  792;  grade 

Ean  Claire 


From  St  PanL    Aboivo  the  sea. 


18-7 


MUet. 

^tet 

00 

683-702 

0-0 

703 

1-3 

77t 

1-4 

781 

20 

822 

2-1 

829 

21 

809 

2-1 

829 

2-9 

^7 

3-0 

853 

3-4 

871 

4-2 

923 

6-8 

988 

6-3 

978 

7-0 

1007 

7-8 

1008 

8-7 

979 

11-8 

933 

11-8 

886 

11-8 

900 

12-8 

9;23 

14-6 

926 

15-2 

929 

15-7 

879 

706 


19-0 

697 

19-2 

697 

19-7 

718 

22-2 

»72 

26-8 

1011 

30-2 

1037 

36-0 

1102 

39-4 

IIM 

43-8 

1152 

48*6 

1199 

51-0 

1147 

55-8 

926 

64-4 

882 

65-7 

862 

691 

902 

76-8 

929 

85-8 

880 

87-3 

848 

87-8 

889 

AND  THC  BdCftT  ilOUKTAmS. 
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CHICAGO,  ST.  PAUL,  MINNEAPOLIS  AND  OMAHA  RAILWAY— Continned. 

HITDSON  TO  BA^YVIXLIX 

Beferied  to  aea  level  by  the  elevations  of  the  MissiBsipni  River  at  St.  Paul,  of  Lake 
St.  Croix  at  Hndaon,  and  of  Lake  Superior  at  Bayfield,  aetomiined  by  United  States 
flBgineers.  Compared  with  these  elevations,  the  profilo  contains  a  discrepuuoy  of  'A 
feet,  which  would  make  its  north  end  too  low.  From  Hudson  to  Clayton  the  eleva- 
tions here  given  accord  with  those  of  St.  Paul  and  Lnko  St.  Croix;  and  thenco  north- 
vard,  namely,  from  Tnrtle  Lake  (which  agrees  witiiln  1  foot  with  tlio  Minneapolis, 
8anlt  Ste.  Marie  and  Atlantic  Railway)  to  Bayfield,  they  accord  with  that  of  Lake 
Superior. 


Hudson •• 

North  Wisconsin  Junction,  of  line  to  Ean  Claire  and 
Chicago 

Borkliardt's 

Boardman .^ 

Mew  Richmond 

Onne's 

Deer  Park 

Clear  Lake  Station 

8n8imit,  grade........... 

Pineville 

Richardson 

Clayton 

Tutle  Ldke  Station,  at  crossing  of  the  Minneapolis, 
SaoltSte.  Marie  and  Atlantic  Railway 

Perley 

Comstoek .•.••••••• 

Spragae  .....•• 

Cnmberland 

Granite  Lake  Station 

Barronette 

Summit,  graile 

Shell  Lake  Station 

Chicago  Junction,  of  line  to  Ran  Claire  and  Chicago  ... 

Yellow  River,  water,  1,060;  grade 

SpooDer 

Chandler 

Sopmor  Junction,  of  line  to  Dnlnth 

Yeaxie  

Antf^y  ................................................. 

Namekagon  River,  water,  1,131 ;  grade 

Stinnett 

Hayward 

Namekagon  River,  water,  1,198;  grade 

Phipps 

Cable 

Summit,  grade 

Dmramond , 

Pratt's  

Forest  City 

White  River,  water,  903;  grade , 

Maaon 

JLsh  land  Junction,  of  branch  to  Ashland , 

Ashland,  on  this  branch  ..^ , 

CroMiing  the  Wisconsin  division  of  the  Northern  Pacific 

Railroad,  near  Ashland  Junction 

Washburn ..•• « , 

Bayfield 

Lake  Superior, mean,  1871  to  1S87  ^...., 


From  St  PaoL 

Above  the  sml 

MUes, 

FmL 

19-7 

718 

22*2 

87^ 

25*0 

925 

300 

949 

35-5 

989 

40-2 

1057 

44-2 

1062 

62*5 

1197 

53-8 

1250 

551 

1249 

58-3 

1197 

601 

1203 

64*4 

1257 

67-9 

1249 

71-5 

1282 

73-5 

1257 

77-2 

1241 

82-6 

1314 

84*6 

IMS 

86-6 

1444 

93-4 

1242 

981 

1086 

98-9 

.     10H6 

99-3 

1095 

101-5 

1145 

lOC-3 

1089 

107-7 

10H4 

110-9 

1099 

119-1 

1145 

119-7 

1146 

125-5 

1194 

128-2 

1213 

130-3 

1234 

142-0 

1367 

148-0 

1430 

151-9 

1307 

160-2 

1027 

163-7 

914 

166-3 

949 

166-7 

965 

179-2 

657 

183-4 

666 

179-6 

a53 

187-8 

655 

200-4 

616 

800-4 

601-56 

124 


ALTItUDES  BETWEEN  LAKE   SUPERIOR 


[BULL.  72. 


CHICAGO,  ST.  PAUL,  MINNEAPOLIS  AND  OMAHA  RAILWAY-Continnod. 

817P£RI0S  JXmCTION  TO  DXTLUTH. 

Agreeinff  at  Oordon  with  the  elevation  of  the  St.  Croix  River,  and  at  Dalnth  with 
that  of  LaKe  Superior,  both  determined  by  United  States  engineers. 


Superior  Junction,  line  to  Bayfield 

Namekagon  River,  water,  1,037 ;  grade 

LalceSide 

Totogatio  River,  water,  1,010 ;  grade 

Gordon 

St.  Croix  River,  water,  1,006 ;  grade 

White  Birch 

Summit, grade 

Hawthorne , 

Aminicon  River,  water,  950 ;  grade 

South  Range 

Junction  with  the  Northern  Paoiiic  Railroad 

Su  perior 

West  Superior,  junction  with  the  Northern  Pacific  Rail- 
road  

St.  Louis  Bay,  Lake  Superior,  water 

Rice's  Point,  junction  with  the  Northern  Pacific  Railroad 
Duluth 


From  St.  Paul. 

Above  the  see. 

MiUa. 

FuL 

106-3 

1069 

106-7 

1076 

117-5 

1108 

123  0 

1032 

131-2 

1024 

131-3 

10-22 

139-3 

lOtsl 

143-3 

1238 

150-0 

1154 

156-4 

983 

161-4 

768 

168-9 

635 

169-3 

643 

172-8 

622 

172-8 

602 

174-4 

617 

176-7 

605 

RAXS  CLAIRE  TO  CHICAGO  JUNCTION. 

The  elevation  of  £au  Claire  is  in  accordance  with  the  determination  of  the  Missis- 
sippi River  at  St.  Paul,  and  of  Lake  St.  Croix  ;  hut  all  the  series  thenoe  northward 
receives  an  addition  of  3  feet  to  accord  with  Lake  Superior. 


£au  Claire,  87*8  miles  from  St.  Paul 

South  Chippewa  Falls 

Chippewa  River,  ordinary  low  water,  843;  high  water 

(1884),  859;  grade 

Eagle  Point 

Bloomer 

Cartwright 

Chetek  River,  water,  1,031 ;  grade 

Chetek , 

Cameron  Junction,  Minneapolis,  Sault  Ste.  Marie  and 

Atlantic  Railway 

Red  Cedar  River,  water,  1,114 ;  grade 

Rice  Lake  Station.... • 

Bear  Creek  Station ••• 

Summit,  grade 

Chicago  Junction,  of  lines  to  Bayfield  and  Duluth,  98*1 

miles  from  St.  Paul 


From  Eao  Claire. 

Above  the  aea^ 

JTOm. 

I^sL 

00 

839 

10-0 

661 

10-7 

869 

17-9 
64-7 

974 

1013 

63-2 

1110 

41-3 

1046 

41-9 

1054 

48-7 

1100 

66-1 

1134 

56-5 

1146 

64-0 

1232 

68-5 

1343 

79-6 

1086 

■ 

i-pnAS.] 
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CHICAGO,  ST.  PAUL,  MINNEAPOLIS  AND  OMAHA  RAILWAY— Continued. 

WE8TSBN  (ST.  PAUL  AND  SIOUX  CITY)  DIVISION. 

The  profile  of  this  division  givee  elevntions  above  high  water  at  St.  Panl.  It 
therefore  receives  here  a  constant  addition  of  703  feet,  the  mean  between  Major 
Allen's  determination  of  it  (702)  and  that  supplied  by  leveling  from  the  Gulf  of 
Mexieo  nnder  the  direction  of  Major  Mackenzie  (703*75).  It  agrees  exactly  or  closely 
with  connecting  railways  at  Mendota,  Shakopee,  Merriam  and  Kasota  JunotionS| 
Maokato,  Lake  Crystal^  Worthiugton,  Sibley,  and  Sheldon.  ' 


8t.  Panl,  union  depot   

Meodota  Junction,  Chicago,  Milwaukee  and  St.  Paul 

BaQway • 

Kieols 

Hamilton •• 

Eagle  Creek,  grade 

Banien  (Bloomington) • ^ 

Sbakopee  

Same,  crossing  the  HafitingB  and  Dakota  division  of  the 

Chicago,  Milwaukee  Skud  St.  Paul  Railway 

Summit,  grade 

Summit,  grade 

Merriam  Junction,  Minneapolis  and  St.  Louis  Railway. .. 

Jordan  (formerly  Brentw ood  Station ) 

Summit,  grade 

St.  Lawrence. 

Belie  Plaine 

High  water  of  the  Minnesota  River  here 

Blakely 

Creek,  bed,  716;  high  water  (of  the  Minnesota  River), 

726;  grade 

Cnt  29  feet  deep  in  till,  at  Rooky  Point,  section  30, 

Blakely;  grade 

High  water  of  the  Minnesota  River  here 

East  Henderson 

Le  Sueur  Creek,  water,  727;  grade 

Le  Soear 

High  water  of  the  Minnesota  River  here 

Ottawa 

East  St.  Peter 

Shaoaska  Creek,  water,  744 ;  grade 

High  water  of  the  Minnesota  River  here 

Kasota  Junction,  Chicago  and  Northwestern  Railway . .. 

Summit, cntting 4  feet;  grade.... 

StoDV Creek, water, 783;  grade 

Mankato 

Extreme  low  and  high  water  of  the  Minnesota  River 

here,  determined  by  United  States  engineers 

Tan  Brunt  Slough,  surfaoe,*766:  grade 

Cfoasing  the  Mankato  Branch  of  the  Chicago,  Milwaukee 

and  Si.  Paul  Railway 

Blue  Earth  River,  ordinary  low  and  high  water,  759-777 ; 

KTBde 

South  Bend 

Minneopa  Bridge,  68  feet  above  the  water 

Minneopa 

Summit,  grade 

Lake  Cfystal,  junction  of  Blue  Earth  Branch 

iiammit, cutting 7  feet;  grade ^.. 

Iceland 

Madelia 

Watonwan  River,  low  and  hi^h  water,  9<:^12-992 ;  grade. .. 
Sonth  Fork  of  Watonwan  River,  low  and  high  water, 

985-994;  grade 

Liaeoln  .-•• ••..•• •...•••••••••••. 


From  St  PaoL 

Above  the  sea. 

MiUt. 

FmL 

0-0 

703 

6-6 

717 

10-8 

717 

18-6 

718 

20*6 

712 

221 

741 

28-1 

745 

28-5 

753 

30-1 

757 

33*6 

767 

340 

755 

390 

752 

41-0 

766 

420 

748 

46*5 

728 

46-5 

722 

50-9 

731 

510 

731 

54-9 

738 

54-9 

731 

57-7 

737 

61-0 

742 

62-4 

756 

62-4 

742 

68-6 

793 

74-5 

751 

75-8 

782 

75-8 

753 

77-4 

803 

79-3 

840 

80-7 

820 

85-6 

794 

86-6 

768-778 

86-9 

792 

87-2 

803 

87-8 

798 

89-2 

811 

90-6 

866 

90-8 

874 

96-8 

995 

98-5 

997 

103-4 

1012 

105-8 

1001 

109-3 

1024 

110*8 

1001 

111-8 

1002 

116-7 

V^ 
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ALTITUDES   BETWEEN   LAKE    SUPERIOR 
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CHICAGO,  ST.  PAUL,  MINNEAPOLIS  AND  OMAHA  RAILWAY    ContiiiiuMl. 
WS8TSBN  (ST.  PAUL  AND  SIOUX  CITY)  DIYISION— Continued. 


St.  Jamee • 

Batterfield ^ 

Monniain  Lake  Station 

Summit, cutting  6  feet;  grade 

Bingham  Lake  Station 

Summit, catting  6  feet;  grade 

Windom ^ 

Des  Moines  Biyer,  water,  1,334;  grade 

Bluff  Siding 

Wilder 

Little  Des  Moines  Creek,  water,  1,397 ;  grade 

Heron  Lake,  water,  1,406;  jprade 

Heron  Lake  Station,  Junction  of  the  Pipestone  (or  Black 
Hills)  Branch , 

Prairie  Jnnction,  crossing  the  Southern  Minnesota  di- 
vision of  the  Chicago,  Milwaukee  and  St.  Paul  Rail- 
way   

Browstcr  (Hersey) 

EikCreek,  water,  1,476;  grade 

Jnnction  of  the  Burlington,  Cedar  Rapids  and  Northern 
Railway , 

Summit, cutting 4  feet;  grade , 

Worthington , 

East  Okabena  Lake  (maximum  depth,  15  feet),  water, 

1,572;  grade 

(West  Okabena  Lake  (maximum  depth,  25  feet), 
1,575;  Lake  Ocheeda  or  Ocheyedan  (maximum 
depth,  in  its  northeast  part,  20  feet),  about  1,565 
feet.) 

Sioux  Falls  Junction,  of  branch  to  Sioux  Falls  and 
Mitchell 

Summit,  cutting  3  feet ;  grade,  highest  point  on  line  from 
St.  Paul  to  Sioux  City , 

Summit, cutting 5 feet;  grade , 

Bigelow I 

State  line;  grade 

Summit, cutting  6  feet;  grade , 

Sibley,  near  crossing  of  the  Burlington,  Cedar  Rapids 
and  Northern  Railway , 

Asbton  (St.  Gilnian) 

Floyd  River,  bed,  1,377;  grade 

Sheldon,  near  crossing  of  the  Iowa  and  Dakota  division 
of  the  Chicago,  Milwaukee  and  St.  Paul  Railway 

Hospers 

Creek,  water,  1,314 ;  grade 

Floyd  River,  water,  1,280;  grade 

Alton  (East  Orange) 

Floyd  River,  water,  1,243 ;  grade 

Seney , 

Le  Mars 

Same,  junction  with  the  Illinois  Central  Railroad 

Floya  Kiverat  Le  Mars,  water 


From  St  Paul. 


JfOet. 
122-0 
1301 
137-0 
140  9 
143-2 
144-3 
147-8 
1481 
149-7 
154  0 
156-5 
159-0-159-5 

160-3 


164-0 
170-0 
171-5 

177-9 
178-2 
178-4 

178-6 


181-8 


Abore  the  sea. 


Ft€L 


1076 
11H7 
1303 
1393 
14-23 
1434 

i:ir,6 
i:«3 
1428 
1451 
1409 
140H 

1420 


1429 

1488 
1492 

1590 
1591 
1.5R5 

1578 


1637 


182-3 

1657 

184-6 

1654 

187-8 

1634 

188-3 

1647 

188-9 

1650 

195-9 

1512 

202-3 

1445 

210-7 

1386 

211-9 

1409 

220-0 

1341 

221-3 

1328 

228-1 

1299 

228-4 

1305 

234-9 

125() 

239-6 

1224 

244-2 

1224 

244-5 

1230 

244-5 

1200 

onuM.] 
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CHICAGO,  ST.  PAUL,  MINNEAPOLIS  AND  OMAHA  RAILWAY— Continued. 

BLUB  BABTH  BRANCH. 

This  agrees  with  the  corrected  profile  of  the  Chicago,  Milwaukee  and  St.  Paul 
Railway  at  Winnebago  City. 


Lake  Crystal,  junction  with  the  Western  (St.  Paul  and 
Sioux  City)  division,  main  line 

Watonwan  Kiyer,  low  and  high  water,  902  919;  grade. . 

Garden  City 

Snmmit,  natural  surface  and  grade 

Edgewood  (Vernon  Centre) 

Blue  Earth  River,  water,  941;  grade 

Aniboy 

Shdbyville 

Summit,  natural  surface  and  grade 

Winnebago  City 

Crossing  the  Sonthern  Minnesota  division  of  the  Chi- 
cago, Milwaukee  and  St.  Paul  Railway 

Bine  Earth  River,  water,  1,049;  grade 

Blue  Earth  City 

CoonCreek,  water,  1,060;  ^*ade 

Elmore 

State  line,  grade 


997 

949 

961 

1027 

1022 

989 

1042 

1055 

1059 

1095 

1103 
1072 
1083 
1082 
1125 
1122 


PIPESTONB  (OB  BLACK  HILLS)  BBANCH. 
Agreeing  exactly  or  closely  with  other  railways  at  Pipestone  and  Flandrean. 


Heron  Lake  Station,  junction  with  the  Western  division 
main  line • 

Dundee 

Litne  Creek, bed,  1,450;  grade 

Avoca •••• ... 

Sisyton 

Hadtey 

Okfiidaor  Beaver  Creek,  water 

Lake  Wilson  Station 

Somrait, cutting  2  feet;  grade 

Somm it, cutting  1  foot;  grade 

Line  of  Mnrray  and  Pipestone  Counties,  grade. .  •• 

Woodstock 

Roek  River,  water 

Bommit,  natural  surface 

CnMsing  the  Burlington,  Cedar  Rapids  and  Northern 
Railway..... 

Pipestone 

Big  Sioux  River  at  Flandrean,  ahove  and  below  the  dam . 

Prairie,  4  miles  farther  west 


From  St  Paul. 

Above  the  sea. 

JfiZet. 

Feet 

160-3 

14-20 

168-5 

1446 

174-7 

1473 

1801 

1536 

186-0 

1608 

1910 

1692 

194-6 

16-i7 

196-0 

1659 

201-1 

1851 

201-9 

1851 

202-5 

1842 

204-3 

1825 

208-3 

1648 

211-6 

1788 

2161 

1728 

215-4 

1723 

230-8 

1523-1514 

235-0 

1675 

I 
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ALTITUDES   BETWEEN   LAKE   SUPERIOR 
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CHICAGO,  ST.  PAUL,  MINNEAPOLIS  AND  OMAHA  RAILWAY— Cod  tinned. 

SIOUX  FXLLS  AND  MITCHBLL  BRANCH. 

Agreeinp^  exactly  or  olosely  with  oonnectiog  railways  at  Lavemei  Sionx  FaUs, 
Salem,  nu<l  Mitchell. 


Sioux  Falls  Junctiooi  Western  division,  main  line 

Summit, ciitting 6  feet;  grade ....•••.... 

Little  Rock  River,  water,  1,632;  grade 

Rushmore ....•• 

Adrian 

Kanarauzi  Creek, water,  1,502;  grade 

Summit,  cutting  5  feet ;  grade 

Magnolia  (Drake) 

Klk  Slongh. surface,  1,455;  grade 

Summit,  cniting  15  feet;  grade 

Warner 

Crossing  the  Burlington,  Cedar  Rapids  and  Northern 
Railway 

Rock  River,  water,  1,426 ;  grade 

Luverne,  junction  of  the  Rook  River  Branch 

Summit, cutting 5  feet;  grade 

Beaver  Creek  Station 

Beaver  Creek,  water,  1,388 ;  grade 

State  Line,  grade 

Valley  Springs 

Split  Rock  Creek,  low  and  high  water,  1,291-1,304;  grade. 

Brandon - 

Big  Sioux  River,  low  and  high  water,  1,284-1,305;  grade. 

Terrace  south  of  river,  natural  surface  and  grade 

Sionx  Falls 

Crossing  the  Chicago,  Milwaukee  and  St.  Paul  Railway. 

Bit:  Sionx  River,  low  and  high  water,  1,383-1,388;  grade. 
This  is  above  the  npper  dam,  that  of  the  Cascade 
Mills  (Emerson,  Sherman  &  Co.). 

Snmmit. cutting  10 feet;  grade •• 

Bifc  Sionx  River,  wator,  1,406;  grade 

Skunk  Creek,  water,  1  452;  grade .... 

Hartrord 

Summit,  cutting  3  feet;  grade 

East  Vermilion  River,  water,  1,458;  grade 

Montrose 

Little  Vermilion  River,  a  branch  of  the  East  Vermilion 
River,  water,  1,471,  grade 

Summit,  natural  surface  and  grade 

Salem,  junction  with  branch  of  the  Dakota  division, 
Cbicago  and  Northwestern  Railway 

Spencer 

Fulton 

James  River,  water 

Mitchell 

A  preliminary  snrvey  north  westward  from  Salem  sup- 
plies the  following,  which  SCTee  with  the  Chicago, 
Milwaukee  and  St.  Paul  Railway  at  Forestburg' 

West  Vermilion  River,  water,  Sec.  15,  T  103,  R.  55 

Wolf  Creek,  water,  Sec.  20,  T.  104,  R.  56 

Fawn  Lake,  water,  T.  105,  R.  58 

Stony  Creek,  water,  Sec.  25,  T.  106,  R.60 

Jnines  River,  water,  8eo.l2,T.  106,  R.  61,  near  Forestburg.. 

Prairie,  5  miles  west  of  James  River • 


From  St  PaoL 

Above  the  sea. 

JTOm. 

F§eL 

181-8 

1637 

184-5 

1694 

187-4 

1652 

1901 

1668 

196-9 

1541 

1980 

1514 

199-5 

1572 

203*8 

1519 

206-2 

1472 

207-1 

1518 

208-0 

1465 

210-0 

1440 

210-3 

1440 

211-1 

1454 

2161 

1546 

219-4 

1446 

219-8 

1399 

224-4 

13^6 

225-1 

1395 

230-6 

1321 

2320 

1319 

232-4 

1310 

234-4 

1366 

240-3 

1397 

240-4 

1401 

240-5 

1406 

241-6 

1474 

243-4 

1420 

250-0 

1468 

254-4 

1564 

261-2 

1695 

268-0 

1472 

268-3 

1474 

269-5 

1483 

275-9 

1589 

279-6 

1520 

289*5 

13«7 

301-0 

1332 

3090 

1207 

311-8 

1312 

281-0 

1460 

290-6 

1373 

303-6 

1323 

313-0 

1256 

320-2 

1215 

325-0 

1379 

cmAM.] 
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CHICAGO,  ST.  PAUL,  MINNEAPOLIS  AND  OMAHA  RAILWAY— Conliuucd. 

ROCK  KIYBK  BRANCH. 

Ain«eing  with  the  Borliogton,  Ccdur  Rapiilu  and  Nortbcru   Railway  at  Rock 
Rapids. 


LaTeme,  janction  with  the  Sionx  Falls  and  MitcIicU 
Branch 

Ash  Creek  Station : 

State  Line,  grade 

Rock  Rapids,  near  crossing  of  the  Uarliiigton,  Cedar 
Rapids  and  Northern  Railway 

Rock  River,  low  and  high  water 

Doon 

Rock  River  at  the  south  line  of  Lyon  County,  Iowa,  low 
and  high  water 


Above  the  sea. 


Feet. 

1454 
1309 
1377 

1347 

129U-J:U4 

1285 

1251-1260 


CHICAGO,  ST.  PAUL  AND  KANSAS  CITY  RAILWAY. 

[From  profiles  in  the  ofiioe  of  H.  Femstroni,  engineer,  St.  Paul.] 
ST.  PAUL  TO  DUBUQUE  AND  CHICAGO. 

Referred  to  sea  level  by  the  elevations  of  the  Mississippi  River  at  St.  Panl  and 
Dabnqne, determined  by  United  States  engineers,  and  of  Lake  Michigan,  doteriuined 
by  the  United  States  Lake  Survey,  which  require  a  subtraction  of  5  to  7  feet,  here 
iiiade,throngbout  the  profile ;  then  agreeing  exactly  or  closely  with  connecting  rail- 
ways at  Empire,  Randolph,  Dodge  Centre,  Dubuque  Jimction,'  Taopi,  New  Hampton, 
and  Oelwein. 


St.  Panl,  anion  depot   

Mississippi  River,  low  and  high  water,  683-702 ;  grade. . . 

West  St.  Panl,  water  tank 

lover  Grove 

Sammit,  grade 

RiehYalTey 

Sammit,  grade *. 

Yeraiilion  River,  bed,  836 ;  grade 

Empire 

Crossing  the  Hastings  and  Dakota  division  of  the  Chicago, 
Milwaukee  and  St.  Panl  Railway 

JAMe  Verm ilion  River,  bed,  849 ;  grade 

Hjunptpn  (a  snmmit  of  grade) 

Depreflsion,igrade 

Sammit,  gTMO 

Randolph,  station  and  crossing  the  Wisconsi n ,  Mi  n nesota 
and  Papific  (Minneapolis  and  St.  Louis)  and  Chicago, 
Milwaokee  and  St.  Paul  Railways 

Chub  Creek,  bed,  859 ;  grade -. 

Cannon  River,  bod,  848 ;  grade '. 

Stanton 

Summit,  grade 

Dennison 

Spring  Creek,  bed,  954 ;  grade 

Sammit,  grade 

Nerstrand 

Depression,  grade 

8amiuit,giade 

North  Branch  of  Zumbro  River,  bed,  1,070 ;  grade 

Kenyon 

Bull  72 9 


From  St.  Paul. 

Above  the  sea. 

Mile9. 

Feet. 

0-0 

703 

0-2-  0-5 

710 

1-0 

702 

7-7 

718 

13-3 

902 

15-8 

860 

17-6 

925 

22-2 

850 

22-6 

854 

22-8 

»>8 

23-7 

877 

26.7 

980 

27-4 

958 

28-0 

980 

32-8 

876 

330 

873 

33-4 

871 

36-4 

920 

409 

974 

41-4 

967 

41-7 

964 

46-2 

1185 

40-5 

1182 

47-5 

1 145 

49-6 

1212 

52-6 

1139 

530 

IL4U 
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CHICAGO,  ST.  PAUL  AND  KANSAS  CITY  RAILWAY— Contioued. 
ST.  PAUL  TO  DUBUQUE  AND  CHICAGO-Contlnued. 


Summit,  iprade 

Skyberg 

Silver  Creek  (North  Middle  Branch  of  Zumbro  River), 
bed,  1,153;  grade 

West  Concord •• .* 

Snmmit,  grade 

Branch  of  Zambro  River,  bed,  1,224 ;  grade 

Summit,  grade •. 

Eden 

South  Middle  Branch  of  Zumbro  River,  bed,  1,169 ;  grade 

Summit,  srade « 

Creek  tributary  to  the  South  Middle  Branch  of  Zumbro 
River,  bed,  1,181;  grade 

Dodge  Centre,  station  and  crossing  the  Chicago  and 
Northwestern  Railway 

Summit,  grade 

Hayfield 

Dubuque  Junction,  branch  to  Lyle 

Red  Cedar  River,  bed,  1,294;  grade 

Sargent 

Snmmit,  grade. 

Depression,  grade 

Renova 

Crpssing  the  Southern  Minnesota  division,  Chicago,  Mil- 
waukee and  St.  Paul  Railway 

Summit,  grade,  highest  on  this  line 

Rose  Creek,  bed,  1,328;  grade 

Elkton 

Summit,  grade 

Taopi 

Crossing  the  Iowa  and  Minnesota  division,  Chicago,  Mil- 
waukee and  St.  Paul  Railway 

Summit,  grade 

Bailey 

Woodman's  Creek,  bed,  1,240 ;  grade .^ 

Watson  Creek,  bed,  1,187;  grade 

Riceville 

Lowther..... 

Elma .•- 

Snmmit,  grade 

Elk  Creek,  bed,  1,144;  grade 

AltaVista 

Summit,  grade 

Devon 

Crossing  the  Iowa  and  Dakota  division,  Chicago,  Mil- 
waukee and  St.  Paul  Railway 

New  Hampton 

Boyd 

East  Wapsiptnicon  River,  bed,  1,058 ;  grade 

Fredericksburg 

Summit,  grade 

Sumner,  station  and  junction  of  the  Waverly  Branch... 

Creek  tributary  to  the  Wapsipinicon  River,  bed,  1,050 ; 
grade .* 

Summit,  grade  

Depression,  grade 

Westgate  (a  summit  of  grade) , 

Otter  Creek,  bed,  1,030;  grade 

Oelwein,  station  and  junction  of  line  to  Des  Moines,  St. 
Joseph,  and  Kansas  City 

Crossing  the  Burlington,  Cedar  Rapids  and  Northei:n 
Railway  •••• 


From  St.  Paul. 


MUe». 
55-6 
561 

60-7 
62-6 
63-8 
&5-3 
66-0 
67-2 
67-8 
69-6 

70-4 

71-8 
70-2 
811 
82-4 
831 
87-5 
89-4 
91-2 
92-7 

93-6 
94-3 
96-6 
98-7 
104-7 
106-3 

106-5 
108-5 
1131 
1160 
120-6 
1210 
125-6 
1310 
132-4 
134  1 
134-9 
1370 
141-2 

145-1 
145-7 
1500 
154-0 
154-6 
157-7 
164-3 

165-3 
167-8 
170-3 
172-0 
179-6 

179-7 

180-1 


Above  the  sea. 


leeL 


1248 
1194 

1176 
1232 
1275 
1238 
1271 
1215 
1181 
1250 

1225 

1292 
1362 
1315 
1318 
1.308 
1380 
1395 
1357 
1387 

137/ 
1402 
1352 
13'^2 
1392 
1342 


VrflAlL] 
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CHICAGO,  ST.  PAUL  AND  KANSAS  CITY  RAILWAY— Continued. 
ST.  PAUL  TO  DUBUQUE  AND  CniCAGO-Contiimod. 


\ 


Snmmit,  fcrad® 

West  Baffalo  Creek,  bed,  1,091;  grade 

Stanley 

Commit,  srade 

Eut  Bnfi&lo  Creek,  bed,  1,080;  grade 

Aaroia  (aBummitof  grade) • 

Lament 

Sommit,  grade.... 

Soath  Fork  of  Maquoketa  Ri  vec,  bed,  970 ;  grade 

Dande<9 1 

Hink  Creek,  bed,  991;  grade 

Sommit,  grade 

Thorpe 

Honey  Creek,  bed,  984;  grade 

Summit,  grade 

CrofiBing  the  Chicago,  Milwaukee  and  St.  Paul  Railway. 

Oneida 

Almoral 

East  Branch  of  PJam  Creek,  bed,  957;  grade 

Sammit,  grade 

North  Fork  of  Maquoketa  River,  bed,  929 ;  grade 

DjeisYille 

Sammit,  grade 

Farley 

Kidder 

Graf 

Dnrango 

Dnbaqae,  station  and  crossing  the  Chicago,  Milwaukee 

•ndSt  Paul  Railway 

Miasiasippi  River,  extreme  low  water  (1864),  584*75;  ex- 
treme high  water  (1880),  606*65;  grade 

Kenominee 

Portage  Curve 

^lena  Junction • .' 

Aiken 

tooQelimile  long,  natural  surface  above,  1,008;  sum- 
lait  grade,  at  east  end  of  tunnel 

Jonnel  Siding 

TroQadale 

^Pple  River,  bed,  614;  grade 

Jliubeth 

JJB»mitj  grade 

f^Pression,  grade 

/oodbine 

^'^^mit,  grade 

|25fi  Creek,  bed,  788 ;  grade 

'^kton  (asummit  of  grade,  highest  between  the  Missis- 
I^Ppiand  Lake  Michigan) 

iTjjW  Creek  Station I. II. !.!! !!!''. '!! 

f'li« 

(>^iDit,  grade 

\^tng,  20  feet  above  the  Chicago,  Milwaukee  and  St. 

Qj^ul  Railway 

W]p«sing,  SO  feet  above  the  Illinois  Central  Railroad 

SJ?^»r 

sl^tnan  Valley 

5g|imit,  grade 

^^n 

^.'^^ing  the  Chicago,  Milwaukee  and  St.  Paul  Railway 

^«?n 

SL^^nnt  Creek,  bed,  647 ;  grade 

^^*iUman  VaUey 


From  St  Paul. 

Above  the  sea. 

MiUs. 

FeeL 

184*4 

1143 

1851 

\099 

185*4 

1098 

187-4 

1144 

188*5 

1090 

190  0 

1135 

194*7 

1045 

197*7 

1084 

199*7 

995 

2000 

1001 

201*8 

998 

204*2 

1058 

204-9 

1047 

206-2 

994 

209*3 

1078 

209*9 

1051 

210-3 

1045 

214*5 

978 

215*8 

969 

218*0 

1040 

222*6 

945 

222-9 

945 

228-5 

1090 

2291 

1068 

23:J*3 

860 

237*4 

768 

245-4 

643 

253-2 

611 

253*7-254  0 

622 

26*2*0 

610 

267*2 

608 

267*9 

612 

269*0 

611 

272*7-273-2 

800 

274-0 

763 

278*8 

638 

2790 

640 

2820 

785 

284-7 

891 

285*8 

845 

286*9 

870 

289*4 

906 

290*8 

832 

294-3 

1002 

300*6 

898 

305*0 

826 

3110 

821 

314-7 

838 

3160 

800 

3180 

^&> 

31K'6 

853 

324*5 

810 

3260 

864 

331*5 

769 

337  0 

7-24 

337*4 

724 

340  0 

6UU 

341-9 

ri\ 
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CHICAGO,  ST.  PAUL  AND  KANSAS  CITY  RAILWAY— Con tiuuidr 
ST.  PAUL  TO  DUBUQUE  AND  ClIICAGO-Continued. 


From  Su  Paul. 


Summit,  grade 

Ilolcomb 

Crossing  the  Chicago,  Barlington  and  Qnincy  Hailway. 

Lindenwood 

Killbuck  Creek,  bed,  747;  grade 

Esmond 

Summit,  grade 

Depression,  grade 

Clare ...".... 

Summit,  grade J 

Kishw^aukec  River,  bed,  815;  grade 

Crossing  the  Chicago  and  Northwestern  Railway 

Sycamore 

Richardson  (a  sammit  of  grade) 

Summit,  grade 

Lily  Lake  Station 

Wasco 

Fox  River,  bed,  676;  grade 

St.  Charles 

Crossing,  20  feet  above  the  Chicago  and  Northwestern 

Railway 

lugalton 

Du  Page  River,  bed,  715 ;  grade 

Qretua 

Summit,  grade 

Depression,  grade 

Lombard • 

Crossing,  20  feet  above  the  Chicago  and  Northwestern 

Railway 

Salt  Creek,  bed,  655;  grade 

South  Elmhurst 

Sammit,  grade 

May  wood - 

Des  Plaincs  River,  bed,  600 ;  grade 

Crossing  the  C,  H.  and  R.  Railroad 

Forest  Home.... 

Crossing  the  Belt  Line  Railway 

Crossing  the  Ciiicago,  Burlington  and  Quincy  Railway. 
Crossing  the  Chicago  and  Northwestern  Railway  and 

the  C,  St.  L.  and  P.  Railroad 

Chicago,  Polk  Street  Depot 

(Lake  Michigan,  February,  1888,  580;  mean  during 
the  years  1860  to  1888. 581  feet.) 


MiU*. 
340-0 
346-7 
347-0 
350-3 
3510 
;i557 
3580 
3.59  5 
361-4 
363-7 
366-8 
368-6 
368-8 
374  0 
379-7 
379-9 
383-9 
3890 
389-5 

393-5 
394-6 
396-1 
399-6 
4000 
403-6 
404-7 

405-1 
407-4 
408-5 
409-4 
413-7 
414-4 
414-7 
414-9 
418-8 
419-6 

4-21 -4 
425-0 


Above 


Fe 


HAYFIELD  TO  LYLE. 


Agreeing  with  connecting  railways  at  Austin  and  Lylo. 


Hayfield , 

Dubuque  Junction,  of  line  to  Dubuque  and  Chicago 

Red  Cedar  River,  bed,  1,286;  giade 

Summit,  grade 

Waltham 

Red  Rock 

linhei'ta  Croekf  bed,  1,219 ;  grade 

Summit,  iiViid\) 


From  St.  Paul. 

Above  t 

Uilet. 

F« 

81-1 

82-4 

830 

84-5 

a=i-9 

90-7 

91-4 

92-2 

I 
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CHICAGO,  ST.  PAUL  AND  KANSAS  €ITY  RAILWAY— Con tiunod. 

BAYFIELD  TO  LYLB— Continned. 


Cros8in|r  tho  Southern  Minnesota  division,  ChicagOi  Mil- 
waukee and  St.  Paul  Railway 

Cromiug  the  Iowa  and  Minnesota  division,  Chicago,  Mil- 
wankee  and  St.  Paul  Railway 

Red  Cedar  River,  bed,  1,178;  grade 

Aaiitin 

Red  Cedar  River,  bed,  1,169;  grade 

Rose  Creek,  bed,  1,IG7  ;  wat6r,  1)171;  grade 

Saiumit,  grade 

Yarco 

SnniDiit,  grade 

Depression,  grade 

Summit,  grade  ..•••• - 

Lyle 

Croning  the  Anstin  and  Mason  City  line  of  the  Chicago, 
Mil  wankee  and  St.  Paul  Railway  and  Junction  with 
the  Central  Iowa  Railway 


From  St.  Paul. 

Above  the  sea. 

Milet. 

Feet 

93-9 

1230 

96-7 

1213 

97-3 

1199 

97-7 

1197 

98-2 

1197 

101-7 

1191 

10:V2 

1217 

1039 

1205 

105-4 

1214 

107-9 

1192 

ioa-9 

1204 

109-1 

1202 

109-2 


1200 


OBLWEIK  TO  ST.  JOSEPH. 


To  accord  with  the  profile  from  St.  Louis  to  Chicago,  this  receives  here  a  uniform 
TOltractiou  of  6  feet.  It  then  gives  the  elevation  of  low  water  in  the  Missouri  River 
>t8r.  Joseph  4  feet  higher  than  its  determination  by  the  Missouri  River  Commission, 
which  latter  is  doubtless  very  nearly  correct. 


^Iwein,  Junction  with  line  to  Dubuque  and  Chicago  . . 

J'JWmit,  grade 

f^fbank 

J^i^tle  Wapslpinicon  River,  bed,  952 ;  grade 

^»«;niit,  grade 

MCreek,  bed,  947;  grade 

I'^amit.  grade 

;!:*Pai  pin  icon  River,  bed,  924;  grade 

iJ''»«»kerton 

^•^iinit,  grade 

Q*^ar 

x;.''*Ming.  20  feet  above  the  Illinois  Central  Railroad 

Sj^  Waterloo 

QTjCedai-  River,  bed,  827 ;  grade 

\^ing  the  Burlington,  Cedar  Rapids  and  Northern 

'fc^***ilwav 

^*n  Waterloo 

1*  **aon's  Junction 

25'laon 

^»«ibeck 

^l^ing  the  Burlington,  Cedar  Rapids  and  Northern 

^^Hway 

S^^^in  (a  snmmit  of  grade) 

V^'ir  Mile  Creek,  bed,  997  ;  grade 

25^»mit.  gnwle 

?^Creek.  bed,  925 ;  grade 

j2*»ing  the  Chicago  and  Northwestern  Railway 

^*dbrook 

«»mmit,  graile 

^n  Mountain  Station 

Mtou : 


from  St  Panl. 


Above  the  sea. 


•] 


Miles. 
179 
183 
18()-8 
187 -G 
18i-3 
189-3 
190G 
191-8 
194-8 
195-9 
199-4 
204  9 
205-4 
205-6 


Feet. 


1030 

IOCS 

10(X) 

971 

1002 

9()1 

999 

944 

945 

993 

889 

870 

843 

84G 


20G-0 

843 

206-7 

845 

211-8 

870 

214-9 

8^3 

2-24-3 

923 

224-5 

92G 

•231-4 

1056 

232-9 

1008 

233-8 

1050 

23(>-8 

948 

236-9 

948 

237-0 

949 

212  1 

1047 

245-8 

994 

24»-8 

874 
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.   [bull.  72. 


CHICAGO,  ST.  PAUL  AND  KANSAS  CITY  RAILWAY— Contiuued. 

OELWEIN  TO  ST.  JOSEPH— Jontinned. 


Iowa  River,  bed,  845;  grade 

CroBsiDfir  the  Chicago  and  Northwestern  Railway 

Marsbailtown  (a  summit  of  grade) 

Crossingthe  Chicago  and  Northwestern  and  the  Central 

Iowa  Railways 

Sommit,  grade 

Luray  (a  depression  of  grade) 

Timber  Creex,  bed,  933;  grade 

Summit,  grade 

Crossing  the  Central  Iowa  Railway,  State  Centre  Branch, 
Crossing,  20  feet  above  the  Chicago,  Milwaukee  and  St. 

Paul  Railway 

Melbourne , 

North  Skunk  River,  at  water  tank,  bed,  887;  grade  ..... 

Summit,  grade 

Baxter 

Ira 


Depression,  grade 

Indian  Creek,  bed,  796;  grade 

Mingo , 

Summit,  grade .' 

Valaria 

Skunk  River,  at  water  tank,  bed,  785 ;  grade 

Santiago 

Summit,  grade 

Bondnrant 

Berwick  (depression  of  grade  at  Four  Mile  Creek) 

Summit,  grade %--% 

Redhead ." 

Crossing  the  Chicago,  Rock  Island  and  Pacific,  the  Wa- 
bash, St.  Louis  and  Pacific,  and  the  Chicago,  Burling- 
ton and  Qninc!^  Railways 

Des  Moines  River,  bed,  169;  grade 

Crossing  the  Des  Moines,  Osceola  and  Southern  Railroad. 

South  De&  Moines 

Millman 

Pleasant  Rid ^e  Station 

Summit,  grade -....- 

Badger  Creek,  bed,  806;  grade 

Lida  


Summit,  grade J 

Crossing  the  Chicago,  Rock  Island  and  Pacific  Railway.. 

Middle  River,  bed,  810;  grade 

Sylvan 

Hanley 

Peru 


Barney 

Lorimnr 

Summit,  grade 

Monette 

Grand  River,  bed,  1,027;  grade 

Talniage 

Crossing,   about  30  feet  above  the  Chicago,  Burlington 

and  Qnincy  Railway 

Afton  Junction  (a  summit  of  grade) 

Twelve  Mile  Creek,  bed,  1,051 ;  grade 

Arispe  (a  summit  of  grade,  highest  on  this  line) 

Shannon  City 

Kuowltou ,., 

Crossing  the  H.  and  S.  Railroad 

Benton 

Squirrel  Creek,  bed,  1,022;  grade 


From  St.  Paal. 

Above  the  sea. 

MiUs, 

Feet 

250-2 

860 

2531 

872 

253-7 

895 

2541 

887 

258i> 

1000 

2600 

934 

261-6 

948 

264-6 

1055 

265-2 

1047 

266-5 

1054 

266-9 

1040 

272-7 

907 

275-1 

1009 

2760 

998 

280-8 

826 

2831 

806 

284-5 

813 

2851 

819 

287-8 

93<i 

290-0 

848 

291-4 

802 

2930 

832 

297-0 

970 

297-8 

963 

303-0 

845 

305-1 

934 

309-1 

805 

310-1 

787 

311-0 

795 

31-2-2 

794 

312-4 

795 

316-0 

830 

320-3 

965 

322-8 

977 

3-26-2 

828 

327-2 

848 

330-0 

947 

331-9 

856 

332-4 

840 

333-4 

842 

33J-7 

883 

346-4 

939 

353-4 

1047 

357-9 

1224 

359-8 

1232 

3611 

1227 

365-0 

1059 

365-5 

1072 

366-3 

1078 

368-4 

11G2 

370-0 

1115 

373-6 

1268 

378-1 

1139 

384-7 

1093 

385-6 

108(» 

303-9 

1051 

394-2 

1050 

1 
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CHICAGO,  ST.  PAUL  AND  KANSAS  CITY  RAILWAY— Contiuued. 

OELWSIN  TO  ST.  JOSSPH-Continued. 


Maloy  (a  sammit  of  grade) 

Blockton , 

Line  between  Iowa  and  Missouri,  grade 

lona 

Sheridan 

PamellCity 

Sammit,  grade 

Platte  River,  bed,  968 ;  grade 

SaYenwood 

Conoeption 

CroflsiDg,  abont  20  feet  beneath  the  Wabash,  St.  Lonis 

and  Pacific  Railway 

Gailford 

Depression,  grade 

Cawood 

Rea 

Summit,  grade 

One  Hundred  and  Two  Mile  River,  bed,  874  ;  grade 

Depression,  grade 

Sammit,  grade 

SavaoDab 

Dean  (a  depression  of  grade) 

Sammit,  grade 

Jauction  with  the  Kansas  City,  St.  Joseph  and  Council 

Bluffs  Railway , 

St.  Joseph , 

Miasonri  River  at  St.  .Joseph,  low  water  and  zero  of  the 

Sij^al  Service  gauge  on  the  pivot  pier  of  the  St.  Joseph 

and  Grand  Island  bridge 

Same,  extreme  low  water,  determined  by  the  Missouri 

River  Commission , 


From  St  Paul. 


Above  the  sea. 


MiU9. 

FeeL 

:«7-3 

1116 

403*0 

1074 

407-6 

lOGl 

407-9 

1063 

413-3 

1037 

418-8 

1023 

419-7 

1053 

424-2 

997 

425-5 

1015 

430-8 

982 

431-4 
439  0 
442-0 
442-8 
446-6 
446-8 
450-7 
451-0 
455-8 
456-1 
461-3 
463-7 

468-8 
4690 


4690 
469-0 


972 

941 

922 

9*35 

1064 

1068 

904 

900 

1090 

lOKi 

882 

985 

820 
820 


794 
790 


MINNEAPOLIS  AND  ST.   LOUIS  RAILWAY. 
[From  profllea  hi  the  ofSce  of  Robert  Aiij^st,  eagineer,  MinneapollB.] 

MAIN  LIKE. 

Tliifl  agrees  with  connecting  railways  at  Chaska,  Merriam  Junction,  Waterville, 
^•seca,  Albert  Lea,  Madison,  Britt,  Livermore,  and  Fort  Dodge. 


^uineapolis,  union  depot    

«">»,  depot  of  this  railway,  Third  street  and  Fourth 

iTenne  northwest 

^Af  Lake,  low  and  high  water,  857-862;  grade 

^•tt  Lake,  water,  878 ;  grade 

onrnmit, cutting  12  feet;  grade 

«pih,  surface,  890 ;  grade 

Viimeliaha  Creek,  water,  895 ;  grade 

oommit, cutting  14  feet;  grade 

Hopkins,  Junction  of  the  Pacific  division 

vQt,  18  feet  deep  ;  grade 

5»4dy  Oak  Lake,  low  and  high  water,  905-908 ;  gratle  . . 

Mad  Lake,  wiater,  900 ;  grade 

Samoiit,  cutting 8  feet;  grade , 

GJeo  Lake,  8nr£ce  of  marsh,  905 ;  grade , 


From  Minne- 
apolia. 

Above  the  sea. 

MiUt. 

FeeL 

0-7 

810 

0-0 

826 

30 

865 

4-5 

886 

6-5 

918 

7-5 

895 

7-8 

907 

8-2 

928 

8-7 

921 

9-5 

911 

10-6 

910 

111 

903 

11-3 

923 

11-5 

908 
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(BULU72 


MINNEAPOLIS  AND  ST.  LOUIS  RAILWAY- Con fciimeil. 

MAIN  LINE-Continued. 


From  Minue- 
apollA. 


Snmniit,  cutting  18  feet;  grade 

Iblaiid  Lake,  wtitoT,  89*2  ;  grade 

Summit,  natural  surfnco  and  grade 

Purgatory  Greek,  bed,  831 ;  grade ^ 

Eden  Prairie 

Summit,  cutting  8  feet;  grade 

Bradford  Lake,  water,  8^ ;  grade 

Summit  Station ;  cut  30  feet  deep,  on  the  line  between 
Hennepin  and  Caryer  Counties,  grad« 

Ravine,  bottom,  772 ;  grade , 

Same,  bottom,  738;  grade 

Foot  of  the  Minnesota  River  bluff,  grade 

Chaska,  crossing  the  Hastings  and  Dakota  division  of 
the  Chicago,  Milwaukee  and  St.  Paul  Railway 

Carver 

Minnesota  River,  low  water,  690;  grade 

Merriam  Junction,  crossing  the  St.  Paul  and  Sioux  City 
division  of  the  Chicago,  St.  Paul,  Minneapolis  and 
Omaha  Railway 

Jordnn , 

Sand  Creek : 

Water,  753;  grade 

Water,  762;  grade 

Water,  780;  grade 

Water,  802;  grade 

Water,  821 ;  grade 

Helena 

Sand  Creek,  water,  864;  grade 

Raven  Stream,  water,  868;  grade 

New  Prague 

Montgomery 

Mul ford's  Siding 

Crossing  the  town-line  road  between  Montgomery  and 
Kilkenny 

Lake  Dora,  high  water,  1,042;  grade 

Cannon  River,  water,  1,040;  grade 

Kilkenny 

Little  Cannon  River,  water,  1,021;  grade 

Summit,  highest  natural  surface  on  this  line,  1,091 ; 
grade  

Summit,  highest  grade 

Cannon  River,  low  water,  996 ;  grade 

Lakes  Tetonka  and  Sakata,  low  and  high  water 

Waterville,  junction  of  the  Wisconsin,  Minnesota  and 
Pacific  Railway 

Crossing  road  on  line  of  Le  Sueur  and  Waseca  Counties.. 

Palmer  Siding  (Iosco) 

Summit,  cutting  14  feet;  grade 

Loon  Lake,  water,  1,136;  grade 

Crossing  the  Winona  and  St.  Peter  division  of  the  Chi- 
cago and  Northwestern  Railway 

Waseca 

Creek  in  Sec.  8,  Otisco,  water,  1  078;  grade 

Otisco 

Le  Sueur  River,  water,  1,117;  grade 

New  Richland , 

Hartland 

Summit  and  highway  crossing,  grade 

Manchester 

Summit,  grade 

All)ert  Lea,  junction  with  the  Burlington,  Cedar  Rapids 
and  Northern  Railway 


MiUt, 
11-6 
12-7 
12-9 
141 
15-2 
16-5 
18-0 

18-7 
191 
20-1 
22-0 

22-7 
24-7 
24-9 


27-2 
32-3 

32-7 
3^-9 
33-2 
33-8 
34-6 
36-3 
36-6 
36-8 
42-6 
50-0 
54*6 

54-9 
55-8 
56-9 
58-6 
59-1 

62-3 
63-0 
65-0 
65-0 

65-4 
67-0 
69-7 
70-3 
75-7 

76-0 
76-2 
81-2 
83-2 

84" 

88- 

94 

99- 
100' 
106' 


•8 
•7 
•9 
1 
•9 
•4 


108  0 


Above  Ihe  sea. 


Fe€L 


918 
904 
914 
855 
684 
902 
874 

876 
847 
803 
754 

728 
722 
728 


755 
755 


768 
777 

7^8 

810 
831 
888 
874 
^83 
975 
1065 
*  1062 

1058 
1046 
1017 
1058 
1039 

1072 

1082 

1006 

996-1002 

1010 
1051 
1148 
1156 
1140 

1156 
1153 
1084 
1148 
1130 
1180 
1251 
1320 
1264 
1240 

1230 


UPBAlLl 
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MINNEAPOLIS  AND  ST.  LOUIS  RAILWAY-Continaod. 

MAIN  LIKE— Continued. 


CrossiDg  tbe  Southern  Minnesota diyiBion  of  the  Chicago, 

Milwankee  and  St.  Paul  Railway 

Pickerel  Lake,  water,  1,241;  grade 

Samniit,  grade 

Twin  Lakes  Station,  water,  l,Sf45;  grade 

Creek  at  the  State  line,  water,  l,26d ;  grade 

Norman 

Samniit,  grade 

Uke  Mills 

Somioit,  grade 

Lime  Creek,  water,  1,218;  grade 

Pike  Creek,  water,  1,216;  grade 

LeUnd  (Benson's  GroYO) 

Forest  City 

Summit,  grade 

Madison,  jnuction  with  branch  of  the  Burlington,  Cedar 
Rspids  and  Northern  Railway ■ 

Mtrah,  grade-- -- --- 


From  MiuDO- 
apolia. 


Sommit,  grade i 

Iowa  River,  water,  1,208;  grade 

Snmmit,  grade 

Depression,  crossing  the  Iowa  and  Dakota  division  of 

the  Chicago,  Milwankee  and  St.  Paul  Railway 

BnU(a6umniit  of  grade) 

Depression,  grade 

Ssmmit,  giade 

Boone  River,  water,  1.159;  grade 

Corwith  (a  summit  of  graae) 

mine  Creek,  water,  1,128;  grado 

Soinmit,  grade 

Depression,  grade 

Sommit,  grade 

East  Pork  of  Des  Moines  River,  water,  1,081 ;  grade 

uTermore 

Sommit,  grade 

Bloody  Run,  water,  1,100;  grade > 

Mmmit,  grade 

Homboldt 

^t  Fork  of  Des  Moines  River,  water,'  1,047 ;  grade  *".'.. 

werCreek,  water,  1,096;  grade 

jommit,  grade 

BtOger Creek,  water,  1,129;  grade 

enmniit,  grade , 

ooidier Creek,  water,  1,118;  grade 

wnwnit,  grade 

Fort  Dodge,  upper  depot 

JQoction  with  the  Iowa  division  of  the  Illinois  Central 

Railroad.... 

Pj  following  are  from  Ganuett's  Dictionary  of  Alti- 
todes: 

*^?J' podge,  passenger  station  of  the  Illinois  Central 

We,  of  the  Minneapolis  and  St.  Louis  and  Des  Moines 
ana  Fort  Dodge  Railroads 

*^^  water  of  the  Des  Moines  River  here  is  approxi- 
mately  .:. 


MUu. 


Al>ove1he  sen. 


210-9 


FeeL 


1081 

1228 

110-3 

1257 

111-6 

1290 

115-0 

1261 

120-9 

1274 

121-4 

1285 

122-9 

132:^ 

127-2 

l--;70 

1-28-3 

1279 

130-4 

12-28 

133-6 

1224 

136-0 

12-22 

141-7 

1226 

142-5 

12:J6 

146-8 

1214 

149-4 

1220 

151-4 

1235 

152-8 

1217 

154-2 

1247 

155-5 

1213 

156-3 

1236 

159-3 

1191 

161-3 

1222 

166  7 

1168 

167-5 

1186 

174-7 

1142 

175-9 

1175 

176-5 

1158 

177-5 

1176 

ltiO-5 

1106 

181-6 

1141 

1H31 

1151 

183-8 

1124 

1H7-4 

1158 

1920 

1095 

195-6 

1071 

197-5 

11-20 

198-3 

1152 

200-6 

1136 

201-4 

1162 

205-0 

1128 

206  2 

1148 

209-3 

1126 

1126 

1032 
1015 
1000 
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MINNEAPOLIS  AND  ST.  LOUIS  RAILWAY— Contiiineil. 

WISCONSIN,  MINNESOTA  AND   PACIFIC   RAILWAY,  RED  WING  TO  WATERVILLE 

AND  MANKATO. 

(Operated  by  the  Minnoapolis  and  St.  Louis  Railway  Compi^ny.) 

Tliis  agrees  with  conneotlng  railways  at  Randolph,  Northfield,  Faribault,  Water- 
yille,  and  Mankato. 


Al)OTe  the  sea. 


Red  Winff 

Crossing  Main  street.  Red  Wing 

Hay  Creek,  bed,  671;  grade 

Spring  Creek,  bed,  672;  grade 

Belle  Creek,  bed,  698;  grade 

Belle  Creek  Station 

Cannon  Falls 

Cannon  River,  water  in  pond  above  the  lower  dam.  Can- 
non Falls,  7i^ ;  grade  

Line  of  Goodhue  and  Dakota  Counties,  grade 

Crossing  the  Chicago,  St.  Paul  and  Kansas  City  Railway . 

Chub  Creek,  low  and  high  water,  864-8G9 ;  grade 

Cascade  (Granville) 

Waterford , 

Line  of  Dakota  and  Rice  Counties,  grade 

Crossing  the  Cannon  Falls  line  of  the  Chicago,  Milwau- 
kee and  St.  Paul  Railway 

Northfield 

Cannou  River,  ordinary  stage  of  water  above  the  North- 
field  dam,  902;  high  water 

Dimdas 

Wolf  Creek,  water,  927 ;  grade 

Cannon  River,  low  and  high  water,  956-962 ;  grade 

Faribault 

Crossing  the  Iowa  and  Minnesota  division  of  the  Chi- 
cago, Milwaukee  and  St.  Paul  Railway 

Fair  Ground 

Junction  of  spar  track  to  the  Polar  Star  Mill 

Warsaw 

Cannon  River,  water,  977;  grade 

Morristown 

Cannon  River,  low  and  high  water,  996-1,002;  grade..  .. 

Summit, cutting  11  feet;  grade 

Line  of  Rice  and  Le  Sueur  Counties,  grade 

Waterville,  Junction  with  the  Minneapolis  and  St.  Louis 
Railway,  main  line 

Elysian 

Madison  Lake  Station 

Kagle  Lake  Station 

Mankato 


912 
912 


908 
928 
944 
9i\8 


083 
978 

981 
1009 

986 
1010 
1010 
1058 
1032 

1010 
1049 
1049 
1011 
778 


rrnAiLj 
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MINNEAPOLIS  AND  ST.  LOUIS  RAILWAY— Co  a  tinned. 

PACIFIC  DIVISION. 

tThe  portfon  from  Hopkins  to  Itforton  is  owned  by  the  Minneapolis  and  St.  Louis  Railway  Com- 
r'»ny:  and  the  poition  thence  westward  is  operated  oy  this  company  under  a  lease  from  the  Wiscoa* 
liu,  Minnosota  and  Pacific  Hallway  Company.) 

The  profile  agrees  with  coDnecting  railways  at  Excelsior,  Norwood,  Hanley  Fulls, 
ami  Watertown. 


Hopkins,  junction  with  the  main  line 

Minuptonka  Mills 

Tamarack  Marsh,  bottom  of  mnd,  880 ;  grade 

Hotel,  St,  Louis  depot 

LnkeMinnetonka,  Carson's  Bay,  water,  928, 18  feet  deep; 

grade .' , 

Sol  berg  point,  grade  on  drawbridge  and  at  crosHing  of 
the  Hatchinsou  Branch  of  the  St.  Panl,  Minneapolis 
and  Manitoba  Railway 

Excelsior , 

Park  Jonction 

Victoria , 

Windmill  and  tank 

Waconia , 

Manh,  surface,  978-980;  grade , 

Yoan^  America • 

Cro88iDg  the  Hastings  and  Dakota  division  of  tho  Chi- 
cage,  Milwaukee  and  St.  Paul  Railway 

Norwood ....- 

Hamburg , 

Line  of  Carver  and  Sibley  Counties,  grade 

Green  Isle 

Arlington  creek,  water,  968;  grade 1 

Arlington 

Rash  River,  outlet  of  Title  w  Lake,  water,  981;  grade.... 

Gaylord 

Winthrop 

RpaliRlver,  water,  1,023;  grade 

Gibbon ,. 

j-'ne  of  Sibley  and  Renville  Counties,  grade 

Mnd  Creek,  bed,  1,022;  grade 

rairfax 

Jort  Creek,  water,  1,01*3;  grade 

Three  Mile  Creek,  water,  1,015;  grade 

franklin 

Pnrgatory  Creek,  bed,  96();  grade  .!!!!!!!!.".!!!!.!"..!!! 

Jolinson's  Creek,  bed,  941;  grade 

Tnompson's  Creek,  bed,  871;  grade 

Umpbeli'g  Creek,  bed,  868;  grade 

Birch  Coolcy,  bed,  827;  water,  832;  grade 

Norton...... 

Minnesota  River,  bed.  805;  ordinary  I'ow'wate'r",  SlV ;'high 

„water(l881),  836;  grade 

Jorth  Redwood T 

Sedwood  River,  bed,  826;  water,  ordinary  stage,  831; 
grade 

Top  of  river  bluff,  uatnral  snrface  and  grade 

Snmmit, cutting  3  feet;  grade"!! !!!!  !!I1!."'II!  !"1!I!! 
'-cho.^ 

Wood  Lake  Station .'.".'.!!!!!!!!!!  !!!1!.'" !!!!!!!! 

Hanley  Falls,  near  crossing  of  the  Willmar  and  Sioux 
rsllsCSt.Panl,  Minneapolis  and  Manitoba)  Railway.. 

lellow  Medicine  River,  Iwd,  1,0U;  water,  ordinary 
>tage,  1,017;  high  water,  l,C3i;  grade \. 


From  Minne- 

apolis. 

MUet. 

8-7 

11-7 

14  5 

15-8 

160 


Above  the  tjca. 


Feet. 


921 
93l) 
909 
943 

933 


17-9 

938 

18-9 

947 

20-3 

938 

*24-8 

965 

30-1 

966 

31-5 

986 

34 -0-34 -7 

981 

39-1 

99;j 

40-2 

976 

40-3 

977 

43-8 

1000 

45-0 

995 

481 

XOOl 

53-7 

984 

54-3 

995 

59-7 

980 

62-3 

993 

69-3 

1016 

73-5 

1030 

77-4 

1016 

82-2 

1046 

84-2 

1038 

869 

1041 

89-5 

1020 

90-2 

1024 

94.9 

1005 

95-4 

997 

95-8 

983 

90  5 

938 

970 

913 

98  7 

837 

100-4 

841 

100-7 

842 

106-2 

855 

106-7 

er,9 

110-4 

1028 

112-8 

1022 

121-9 

10H7 

122-9 

1080 

129-2 

1059 

134-3 

1047 

134-7 

1042 

I 
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MINNEAPOLIS  AND  ST:  LOUIS  RAILWAY— Continued. 

PACIFIC  DIVISION-Contlnued. 


Hazel  Rnn  Station '. 

Clarksfield 

Outlet  of  Muddy  Lake,  water,  1,046;  grade 

Boyd 

East  Branch  of  Lac  Qui  Parle  River,  bed,  1,0*28;  high 

water,  1,037;  grade 

West  Branch  of  Lac  Qui  Parle  River,  bed,  1,029 ;   high 

water,  1,047  ;  grade 

Dawson 

Madison 

Marietta 

West  line  of  Minnesota  ;  grade 

Revillo 

South  Fork  of  Yellow  Bank  River,  trestle  bridge,  56  feet 

high,  grade 

Wilson 

Trestle  bridge,  61  feet  high ;  gra<le 

Lone  Tree  Lake,  water,  1,880;  grade 

Troy 

Summit,  cntting2  feet;  grade 

Waverly 

Summit  of  the  Cotean  des  Prairies,  natural  surface  and 

^grade ., 

Watertown,  junction  with  the  Burlington,  Cedar  Rapids 

and  Northern  Railway 

Same,  passenger  station  (with  Burlington,  Cedar  Rapids 

and  Northern  Railway) , 


From  Minne- 
apolis. 

Above  the  sea. 

JftlM. 

Feet, 

140-6 

1057 

145-7 

1084 

148-8 

1054 

152-2 

1050 

160-4 

1052 

161-3 

1054 

161-5 

1054 

170-4 

1095 

181-5 

1128 

1H3-1 

1146 

189-0 

1208 

1920 

1340 

192-6 

136G 

196-9 

1551 

203-7 

1882 

205-5 

1885 

209-5 

1995 

211-9 

1992 

212-7 

2000 

222-1 

1738 

222-3 

1734 

BURLINGTON,  CEDAR  RAPIDS  AND  NORTHERN  RAILWAY. 

[From  H.  F.  White,  engineer,  Cedar  Rapids.] 

The  notes  of  this  entire  railway  system,  as  received  from  Mr.  White,  are  found  to 
require  a  subtraction  of  20  feet,  which  is  here  made  uniformly  throaghout  its  several 
divisions  and  branches,  excepting  at  Plymouth  Junction  and  thence  to  Albert  Lea, 
where  the  subtraction  required  and  here  made  is  18  feet. 

BURLINGTON  TO  ALBERT  LEA. 

Referred  to  sea  level  by  the  elevation  of  the  Mississippi  River  at  Burlington,  de- 
termined by  United  States  engineers,  and  agreeing  with  connecting  railways  and 
other  branches  of  this  system  at  Linn  Junction,  Vinton,  Plymouth  Junction,  and 
Albert  Lea. 


Bnrlington,  extreme  low  and  high  water  of  the  Missis 

sippi  River 

Burlington,  union  depot 

Latty , 

Sporry 

Mediapolis 

Linton 

Morning  Sun 

Wapello , 

Bard 

Columbus  Junction 

Iowa  River,  water 


From  Barling- 
ton. 


MiUi. 


0-0 
0-0 
8-7 
11-6 
15-3 
199 
22-7 
2i>-3 

;c>-2 

40-6 
41-2 


Above  the  seOb 


510-77-531 
533 
733 
7.'>7 
77i> 
771 
745 
588 
591) 
595 
578 


cnuuLj 
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BURLINGTON,  CEDAR  RAPIDS  AND  NORTHERN  RAILWAY-^Continued. 

BUULINGTON  1  3  ALBERT  LEA-Cootinuod. 


Port  Allen 
Coue 


Michols 

WcBt  Liberty 

Centerdale 

West  Branch  Statiou. 


IS18 

Klinira 

Mone. 

Summit,  grade 
SoluQ 


Ely 

Ked  Cedar  River,  water 

Cedar  Rapids 

Lion  Junction,  of  the  Decorah  Branch 

Red  Cedar  River,  water 

Palo 


From  Burling- 
ton. 


Sbellsburg 

Vinton,  jnuctiou  of  the  Watertowu  line. 

Hoont  Auburn 

La  Porte 

Waslibum 

Waterloo 

Ced«Fall» 

Korri* 


Winslow  .. 
Shell  rock  .. 
Clarksville. 
Greene 


Marble  Rock 

Rockford 

Nora  Junction,  Iowa  and  Dakota  division  of  the  Chicago, 
Milwaukee  and  St.  Paul  Railway 

Roek  Falls 

Pijmonth  Jo  notion,  Austin  and  Maeon  City  lino  of  the 
Cbicago,  Milwaukee  and  St.  Paul  Railway 

Manly  Jooction 

Nonhwood - 

Sute  Line  Station 

(ilenville .- 

Albert  Lea,  junction  with  the  Minneapolis  and  St.  Louis 
Railway - 

Lake  Albert  Lea,  water , 


Miles, 


44*G 

47-6 

55-0 

61-7 

67-1 

G9-8 

73-3 

74-8 

77-.'S 

79-3 

.  F2-3 

89-4 

96-5 

98-1 

102-3 

1030 

108-0 

1120 

r-^i-o 

128-9 
135-1 
143-3 
150-6 
156-4 
159-8 
164-7 
172-0 
179-0 
190-0 
195-7 
203-7 

210  0 
216-6 

219  7 
225  0 
236-0 
238-7 
245-7 

252-7 
252-7 


Above  the  sea* 


Fett. 


612 
618 
638 
673 
7-25 
718 
800 
751 
763 
862 
794 
741 
705 
732 
756 
728 
751 
774 
810 
863 
812 
827 
841 
854 
864 
884 
921 
924 
924 
1002 
1021 

106-2 
1104 

1126 
1201 
1222 
1-232 
1235 

1230 
1209 


DECORAH  BRANCH. 


Agreeing  at  Oelwein  with  the  Chicago,  St.  Paul  and  Kansas  City  Railway,  and  at 
roetville  and  Decorah  with  the  Chicago,  Milwaukee  and  St.  Paul  Railway. 


Lino  Junction,  102-3  miles  from  Burlington 

ToddviUe 

Centre  Point 

Walker.... 

Rowley.... 

Independence 

Wapsipinicon  River,  water , 


From  Cedar 
IlapidB. 

Above  the  sea. 

MUet. 

Feet. 

4-2 

756 

10-1 

780 

18-0 

819 

24-7 

890 

31-3 

990 

39-1 

921 

41-0 

886 

\ 
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BURLINGTON,  CEDAR  RAPIDS  AND  NORTHERN  RAILWAY— Coutinuod. 

DECOBAH  BRANCH-Continaed. 


Above  the  sea. 


Hazleton 

CrossiDg  the  Chicago,  St.  Paul  and  Kansas  City  Railway 

Oelwein 

Maynard 

Randalia 

Summit,  grade 1 

West  Union 

Brainard 

Elgin 

Turkey  River,  water 

Clennont 

Postville  Junction 

PostYille,  on  branch  3^  miles  from  last 

Castalia 

Ossian 

Nordness 

Crow  Creek,  water 

Decorah 


FeeL 


998 

1047 

1049 

1106 

1106 

1211 

1115 

919 

843 

811 

866 

1062 

1192 

1240 

1271 

103.5 

846 

853 


VINTON  TO  WATBRTOWN. 

Ag^reeing  exactly  or  olo<iely  with  connecting  railways  and  branches  of  this  svstem 
at  Dow's,  Livermore,  Emmetsbnrg,  Lake  Park,  Sibley,  Luverne,  Pipestone,  Elkton, 
and  Water  town. 


Vinton,  Junction  with  the  Albert  Lea  line,  121*0  miles 

from  Burlington 

Garrison 

Dysart  '. 

Traer 

Reinbeck 

Morrison 

Grundy  Centre 

Holland 

Wells - 

Cleves 

Abbott 

Robertson 

Iowa  Falls 

Carleton 

Iowa  River,  low  and  high  water,  1,126-1,136 ;  grade 

Dow's  Station,  junction  of  the  Madison  Branch 

Galtville 

Clarion 

Goldfield  

Hardy 

East  Fork  of  Des  Moines  River,  water,  1,069 ;  grade 

Livermore 

Bode 

West  Bend 

Hodman 

Emmetsburg 

Des  Moines  River  here,  abont 

Medium  Lake,  water,  about  1,220;  grade 

Des  Moines  River,  low  and  high  water,  1,212-1,228 ;  grade 
Same,  low  and  high  water,  1,247-1,261 ;  grade 


From  Cedar 
Rapids. 

Above  the  sea. 

Mikt. 

FeeL 

22-9 

810 

29-9 

859 

38-9 

968 

47-2 

916 

59-3 

926 

63-3 

947 

68-7 

976 

71-3 

995 

76-4 

1058 

84-9 

1070 

86-8 

1099 

89-9 

1175 

96-9 

1107 

107-3 

1150 

112-5 

1138 

112-9 

1142 

1191 

1198 

126-5 

1168 

136-0 

1108 

144-3 

1129 

151-0 

1092 

152-6 

li:i6 

158-1 

1150 

168-6 

1197 

174-9 

1193 

184-5 

1234 

184-5 

1190 

185-3 

1224 

193-7 

1233 

206-0 

1270 

CrOAM.) 
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BURLINGTON,  CEDAR  RAPIDS  AND  NORTHERN  RAILWAY— Continued. 

VINTON  TO  WATERTOWN— Continued. 


Estherville 

Des  Moines  Riyer,  low  and  high  water,  1,254-1,268 ;  grade 

Cot,  8  feet  deep,  grade 

Sammit,  catting  3  feet,  on  the  water-shed  hetween  the 

Mississippi  and  Missouri  Rivers 

Depression,  grade 

Spirit  Lake  Station 

Spirit  Lake,  water 

(Mean  depth  of  Spirit  Lake,  ahout  15  feet ;  maxi- 
mum, in  north  part,  55  feet.) 
(East  and  West  Okohoji  Lakes,  1,390.  The  maximnui 
depth  of  the  former,  in  its  south  part,  is  20-25  feet ; 
of  tfae  latter,  also  in  its  south  half,  90-125  feet.) 

Little  Sioux  River,  water,  1,387 ;  grade 

Lake  Park,  junction  of  the  Worthingtou  Branch , 

Ocheyedan 

Ocheyedan  Creek,  water,  1,467;  grade 

Sammit,  cutting  2  feet :  grade 

Sibley,  near  crossing  oi  the  Chicago,  St.  Paul,  Minneap- 
olis and  Omaha  Railway 

Otter  Creek,  water,  1,493;  grade 

Little  Rock  River,  water,  1,440;  grade 

Sammit,  cutting  14  feet ;  grade 

Tom  Creek,  water,  1,481;  grade 

StAte  line,  ^ade 

Bilsworth,  junction  of  the  Sioux  Falls  Branch 

Kanaranzi  Creek,  water,  1,410;  grade 

Kanarauzi 

Bock  River,  water,  ordinary  and  highest  stages,  1,428- 

1,433;  grade 

Laveme 

Trosky 

Pipestone , 

Cazenovia 

Flandreau  Creek,  water,  1,598;  grade 

Altoona 

ElktoD,  near  crossing  of  the  Chicago  and  Northwestern 

Railway 

Hedary  Creek,  water,  1,650;  grade 

Bashneil • 

BeerCreek,  water,  1,652;  grade 

White ..1....... 

Toronto 

Sammit  (crest  of  a  spur  of  the  Coteau  des  Prairies), 

grade 

Outlet  of  Clear  Lake,  water,  1,773;  grade 

Clear  Lake  Station 

I)aiham 

Watertown,  junction  with  the  Wisconsin,  Minnesota 
uid  Pacific  (Minneapolis  and  St.  Louis)  Railway 


From  Cedar 
Bapida. 


MUet. 
207-0 
207-2 
213-7 

217-0 
221-5 
223-5 
223-5 


/ 


399*4 


Above  the  sea. 


Fut 


1284 
1291 

1498 

1547 
1404 
1457 
1395 


230-0 

1397 

2340 

1479 

24G0 

15.51 

248-0 

1479 

253  4 

1628 

257-5 

1502 

258-3 

1504 

265-0 

146:3 

267-1 

1513 

2680 

1493 

271-4 

148:} 

273-7 

1445 

276-5 

1422 

279-3 

1505 

286-7 

1437 

287-2 

1452 

305-0 

1702 

314-0 

1725 

319  4 

1670 

323-3 

1620 

325-0 

1693 

333-6 

1742 

339-6 

1656 

343-6 

1694 

344-5 

1660 

351-2 

1778 

36M 

1994 

361-5 

1999 

374-8 

1778 

375-3 

1800 

385-8 

1936 

1734 
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BURLINGTON,  CEDAR  RAPIDS  AND  NORTHERN  RAUiWAY— Coutiuued. 

HADISOK  BRANCH. 
This  agrees  with  connectiDg  railways  at  Gamer  and  Madison. 


Dow's  Station,  junction  with  the  Watertown  line,  211 
miles  from  Burlington 

Rowan i. 

Belmond 

Iowa  River,  water,  1,166;  grade 

Goodell 

Iowa  River,  water,  1,182;  grade 

Garner,  crossing  the  Iowa  and  Dakota  division  of  the 
Chicago,  Milwaukee  nnd  St.  Paul  Railway 

Madison,  junction  with  the  Minneapolis  and  St.  Louis 
Railway 


From  Cedar 
.     Rapids. 

Above  the  son. 

Miles. 

FetL 

112-9 

1142 

119-5 

1205 

1280 

1184 

129-2 

1172 

133-5 

1236 

138-5 

1189 

145-8 

1209 

154-3 

1214 

WORTHINGTON  BRANCH. 

Agreeing  with  the  Chicago,  St.  Paul,  Minneapolis  aud  Omaha  Railway  at  Worth- 
ington. 


Above  the  aea. 


Lake  Park,  junction  with  the  Watertown  line,  332*1 
miles  from  Burlington..^ 

Round  Lake  Station l 

Junction  with  the  Chicago,  St.  Paul,  Minneapolis  and 
Omaha  Railway,  a  half  mile  northeast  of  Worth  ington 

Worthington 


Feet 


1479 
1553 

1590 


SIOUX  FALLS  BRANCH. 
Agreeing  with  connecting  railways  at  Rock  Rapids  and  Sioux  Falls. 


Ellsworth,  junction  with  the  Watertown  line,  371*8  miles 
from  Burlington 

Rock  River,  low  water 

Rock  Rapids,  near  crossing  of  hranch  of  the  Chicago, 
St.  Paul,  Minneapolis  aud  Omaha  Railway 

Larohwood 

Granite 

Springdale 

Sioux  Falls .-. 


From  Cedar 

Rapids. 

Above  the  sea. 

MiUt. 

FteL 

273*7 

1445 

2830 

1320 

283*6 

1345 

297-6 

1462 

304*5 

1407 

309-5 

1400 

316*3 

1400 
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FREMONT,  ELKHORN  AND  MISSOURI  VALLEY  RAILROAD. 

[From  J.  £.  Ainswortb,  eDKineer,  Omaha.] 

These  profiles  are  referred  to  sea  level  in  accorclance  with  tlie  elevation  of  the  Mis- 
•oori  River  at  Dlair,  iletcniiincd  by  the  Missouri  River  Commissiou. 

MAIX  LINE,  FEOM   MISSOURI  VALLEY,  IOWA,  TO  CASPER  AKD  SOUTH  PASS,  WYO 


Missonri  Valley 

Miasonri  River  near  Blair,  Nebr.,  ordinary  low  water, 

IteS8;  grade 

Blair  So mmit,  cutting  47  feet ;  grade 

Elkbom  River  at  Arlington,  water,  1,149;  grade 

Fremont 

Elkbom  River  at  Crowell,  water,  1,254  ;  grade 

Norfolk  Janction •-.- 

Elkhora  River,  water,  1,524;  grade 

Elkbom  River  north  of  Oakdale,  water,  1,694 ;  grade . . 

Elkbom  River  weat  of  Neligh,  water,  1,750 ;  grade 

Elkhoru  River  east  of  O'Neill,  water,  1,941 ;  grade 

Staart 

Loog  Pine 

Long  Pine  Creek,  water,  2,2d8;  grade 

Plam  Creek,  water,  2,498;  grade  ..•. 

Thacher 

Niobrara  River,  water,  2,392 ;  grade 

Valentine 

Crookston.... 

Gordon 

Bordeaux  8n  rami t,  surface  and  grade  the  same 

Chadron 

White  River  at  Dakota  Janction,  water,  3,207;  grade. . 

Fort  Robinson 

White  River  Sammit,  cutting  21  feet ;  grade 

Niobrara  River  near  Van  Taseell,  water,  4,688;  grade.. . 

Van  Tasaell 

Niobrara  River  at  Lusk,  water,  4,984 ;  grade 

Loak 

Niobrara  River,  water,  5,226;  grade 

Niobrara  Sammit,  2  miles  east  of  Keeline,  catting  6  feet ; 

grade 

Fisher 

Douglas 

North  Platte  River,  trater,  4,787 ;  grade 

Fetterman  Hill,  cutting  50  feet ;  grade 

La  Prele  Creek,  water,  4,883;  grade 

Casper  (terminus,  1889) 

The  continuation  of  this  survey  gives  the  following : 

North  Platte  River  at  Casper,  water 

Same,  5  miles  west  of  Casper,  wat^er,  5,129;  proposed 

grade 

Poison  Spider  Creek,  water,  5,211 ;  proposed  grade 

Somitiit  in  Seo.  7,  T.31,  R.83,  crossing  the  Rattlesnake 

Range,  natural  surface,  6,478 ;  proposed  grade 

Horse  Creek,  water,  5,961 ;  proposed  grade  .^ 

Sweet  Water  River  in  Sec.  13,  T.  29,  R.  89,  water,  6,060 ; 

proposed  grade 

Sweet  Water  River  at  Rongis,  water,  6,310;  proposed 

grade 

Sweet  Water  River  at  mouth  of  Sulphur  Creek,  water, 

6,591:  proposed  grade 

Sonth  Pass  (continfutal  divide  between  the  North  Platte 

and  Green  Rivers),  natural  surface,  7,429;  proposed 

grade 

'  BulL  72 10 


From  Missouri 


796-2 


Valle}-. 

Above  the  sea. 

Milct. 

Fe€t. 

00 

1002 

11-0 

1055 

16-4 

12-29 

30-3 

1164 

37-2 

1193 

65-8 

1272 

1181 

1516 

122-2 

1541 

149-7 

1708 

1589 

1763 

1901 

1951 

220-4 

2151 

250-8 

2396 

251-9 

2389 

273  0 

2592 

300-5 

2649 

303-8 

2472 

306-8 

2579 

318-0 

2670 

397-1 

3547 

4259 

38cS8 

443-6 

3360 

448-3 

3245 

472-8 

3775 

495-9 

4865 

507-7 

4703 

508-5 

4727 

528-1 

4999 

528-4 

5007 

536-9 

5236 

542-6 

5340 

5653 

4752 

583-5 

4810 

586-2 

4827 

590-5 

4951 

501-3 

4917 

636-9 

5118 

636-9 

5100 

6420 

5152 

649-5 

5242 

668-5 

6464 

678-8 

5977 

705-4 

6071 

730-4 

6318 

751-6 

6599 

7414 
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FREMONT,  ELKIIORN  AND  MISSOURI  VALLEY  RAILROAD— Contiuued. 

BRANCH  TO  THE  BLACK  HILLS. 


White  Riyer,  at  Dakota  Janction,  water,  3,207 ;  grade. 

Horsehead  Summit,  cutting  3  feet ;  grade 

South  Fork  of  the  Cheyenne  River,  water,  2,918 ;  grade 

Buffalo  Gap 

Hermosa 

Rapid  City 

Sturgis  

Whi te wood  Creek,  water,  3,592 ;  grade 

Whitewood  (terminus,  1889) 

The  continuation  of  this  survey  gives  the  following  : 

Whitewood  Creek,  water,  4,498 ;  proposed  grade 

Deadwood 

Pennington 


From  Missouri 


Valley. 

Above  the  sea. 

Milet. 

FeeU 

448-3 

3245 

461-5 

3664 

4930 

2939 

499-2 

3252 

527-3 

3-^95 

547-3 

3192 

5770 

3467 

582-7 

3602 

583-7 

3640 

592-8 

4506 

593-2 

4545 

596-7 

4972 

ALTITUDES  OP  RIVERS. 


ST.  LAWRENCE  RIVER  SYSTEM. 

Fec#  Bhove  the  Ma. 
Lakes  on  the  Embarras  River,  where  it  intersectd  the  Mosabi  range, 

about 1415-13-20 

StLonis  River  at  the  mouth  of  East  Savanua  River,  about 12()0 

Same,  head  of  rapids  above  Knife  Falls 1175 

Same,  foot  of  Knife  Falls 1159 

Same,  at  the  railroad  bridge,  Thomson,  low  and  high  water 997-1020 

The  following  altitudes  of  the  Laureutian  Lakes  are  determined 
bj  the  United  States  Lake  Survey : 

Lake  Superior  (maximum  depth,  1,026  feet),  extreme  low  and  high 
water,  approximately,  599-604 :  mean,  Nov.  1,  1870,  to  Jau.  31, 

1888 601-56 

(Low  stages  of  these  lakes  were  in  1796, 1810,  1819  (the  lowest 
record^),  1828, 1847,  1865,  and  1879 ;  and  high  stages  in  1788, 
1814,  1838  (the  highest  recorded),  1858,  1876,  and  1882.) 
Lakes  Huron  (maximum  depth,  750  feet)  and  Michigan  (maximum 
depth,  870  feet),  extreme  low  and  high  water,  approximately, 

578-5-5840;  mean,  Jat..  1,  1860,  to  Dec.  31,  1875 581-28 

C  The  mean  surface  of  Lake  Michigan  above  mean  sea  level  at 
New  York,  as  determined  by  the  United  States  Lake  Survey, 
is  581*28  feet.  The  mean  surface  of  Lake  Michigan  above 
mean  sea  level  at  Biloxi,  as  determined  by  the  Slississippi 
River  Commission,  is  580*83  feet."~Letter  of  A.  Mackenzie, 
major  U.  S.  engineers.  Rook  Island,  111.,  Jau.  23,  1888.) 
Lake  Erie  (maximum  depth,  210  feet),  extreme  low  and  high  water, 

approximately,  570-575-5;  mean,  Jan.  1,  1860,  to  Dec.  31, 1875..  572-86 

Niagara  River,  at  head  of  the  rapids  above  Niagara  Falls 567 

&une,  at  brink  of  the  American  Falls 526-518 

Same,  at  brink  of  the  Canadian  or  Horseshoe  Falls 512 

Same,at  foot  of  Niagara  Falls 357 

Same,  at  the  lower  suspension  bridge 347 

The  foregoing  notes  of  Niagara  River  are  from  L.  Y.  Schermer- 

hom  in  the  Am.  Jour,  of  Sci.,  third  series,  vol.  33,  Apr.,  1887,  p.  280. 

Lake  Ontario  (maximum  depth,  738  feet),  extreme  low  aud  high 

water,  approximately,  244*5-249 ;  mean,  Jan.  1,  1860,  to  Dec.  31, 

1875 246-61 

From  Prof.  J.  W.  Spencer's  Elevations  in  the  Dominion  of  Canada  (Bull.  U.  S.  Geo« 
logical  Survey,No.6)  are  supplied  the  following  notes  of  the  St.  Lawrence  River: 


Month  of  Lake  Ontario,  Kingston 

Galop's  Rapids  Canal 

Rapide  Plat  Canal 

Farran's  Point  Canal 

Cornwall  Canal  (Long  Sault) 

Lake  St.  Francis 

Beanhamois  Canal 

Lake  St.  Louis,  Junction  of  the  Ottawa  aud  St.  Lawrence 

Rivers  

Lachine  Canal 

6t.  Lawrence  River  at  the  Victoria  Bridge,  Montreal,  bed, 

15 ;  ordinary  low  water  aud  extreme  high  water  (April 

1886) 

Lake  St.  Peter,  mouth  of  the  Richelieu  or  Sorcl  Rivor,  to 

which  high  tide  reaches 


From  Montreal. 


2IiUs. 
178 
111*6-101*0 
99*5-  95*5 
85*0-  84*2 
79-2-  67*7 
67*7-  35*0 
35-0-  23*7 


23*7- 
8-5- 


8-5 
0*0 


Above  the  Be%, 


Feet 
246-61 
239-223 
223-208 
204-200 
200-151 
151 
151-  67 

67 
67-23 


33-  .59 
11 


\Vi 
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MISSISSIPPI  RIVER  SYSTEM. 


[From  leveling  by  United  States  engineers ;  from  the  Mississippi  liiver  Commission  i  and  from  railroad 

surveys.] 

The  Miuuesota  and  Missouri  Rivor  syHtems,  tribntary  to  the  Mississippii  are  sopa- 

rately  presented. 

MISSISSIPPI  BITEB  AXD  LA.KES  KEAB  ITS  SOURCE. 

Southward  to  Grafton,  111.,  from  leveling  by  United  States  enf^ineers,  the  portion 
from  CaHB  Lake  to  St.  Paul  being  done  under  the  direction  of  Maj.  C.  J.  Alien,  St.  Paul, 
and'  that  from  St.  Paul  to  Grafton  under  the  direction  of  Maj.  A.  Mackenzie,  Rock 
Island,  111.  In  the  series  southward  from  St.  Paul  to  Graftou  the  stage  of  low  water 
noted  is  that  of  1864,  being  extreme  low  water.  The  average  stage  for  the  year  is 
5  to  7  feet  higher.  The  stage  of  high  water  noted  along  the  same  distance  (unless 
otherwise  designated)  is  that  of  18ti0,  which  was  an  exceptionally  high  flood,  rarely 
or  never  exceeded,  along  the  distance  from  Lake  Pepin  to  Rock  Island.  South  of 
Savanna,  111.,  these  elevations  are  determined  from  precise  leveling  between  the  Gulf 
of  Mexico  and  Lake  Michigan  by  the  Mississippi  River  Commission.  Continuing 
north  from  Savanna,  the  series  supplied  by  Maj.  Mackenzie,  which  is  accepted  with« 
out  change,  shows  a  discrepancy  at  St.  Paul  of  1*71  feet  above  the  elevation  deter- 
mined there  by  Major  Allen.  Besides  the  elevations  supplied  by  the  United  States 
engineers,  ethers  are  added  from  railroad  surveys  or  are  inserted  by  estimation,  these 
being  distinguished  below  St.  Paul  to  Grafton  by  iuclosure  in  parentheses. 

From  Cairo  southward  these  elevations  are  derived  from  leveling  and  gauge  records 
of  the  Mississippi  River  Commission  in  report  on  ^^  Stages  of  the  Mississippi  River 
from  Cairo  to  Carrolltou,  1887''  (therein  referred  at  each  station  to  the  zero  of  its 
gauge,  with  note  of  the  elevation  of  the  zero  above  the  Cairo  datum  plane).  Besides 
this  publication,  the  secretary  of  the  Commission  supplied  manuscript  records  of  St. 
Louis  and  for  the  year  1887  at  Cairo,  Memphis,  Natchez,  and  Carroll  ton.  [Apparently 
an  error  of  a  few  feet  exists  in  the  determination  of  the  heights  of  gauges  along  the 
the  lower  part  of  the  river,  by  which  its  lowest  stage  at  Baton  Rouge  and  southward 
falls  slightly  below  mean  sea  level.] 


Lake  Itasca,  Apr.  22, 1889  (according  to  leveling  by  Mr.  J.  V.  Brower 
from  a  bench  mark  of  the  survey  for  extension  of  the  Fosston 

Branch  of  the  St.  Paul,  Minneapolis  and  Manitoba  Railway) 

(The  range  of  this  lake  between  its  lowest  and  highest  stages 
since  1880  has  not  exceeded  8  inches.  Its  maximum  depth  in 
the  southeast  arm  is  about  80  feet.  Elk  Lake  is  I  foot  above 
Lake  Itasca.  The  crest  of  the  watershed  2  miles  west  and 
south  is  150  to  250  feet  above  Lake  Itasca,  or  about  1,600  to 
1,700  feet  above  the  sea.) 
Mississippi  River  at  the  proposed  crossing  of  the  St.  Paul,  Minneapolis 
and  Manitoba  Railway  in  Sec.  8,  T.  145.  R.  35,  about  11  miles  north 

of  Lake  Itasca 

LakePemidji 

Cass  Lake 

Mouth  of  Horn  River 

Hern  Lake 

Lake  Winnebagoshish,  also  Little  Winnebagoshish  Lake,  formerly. 

Lake  Winnebagoshish,  as  raised  by  dam  of  reservoir  system 

(This  dam  is  constructed  with  capacity  to  raise  the  lake  to 
1,304*3  feet,  but  to  the  close  of  the  year  1887  the  highest  level 
to  which  it  had  been  raised  was  1,298  feet.  It  is  not  expected 
that  it  will  be  raised  more  than  1^  feet  above  that  level  dur- 
ing at  least  several  years  to  come. ) 
Lake  in  Sees.  3  and  10,  T.  146,  R.  26,  on  the  East  Branch  of  Cut  Foot 

Sioux  Creek 

Head  of  East  Branch  of  Cut  Foot  Sioux  Creek,  1  mile  from  Bow 

String  Lake 

Height  of  land  between  Lake  Winnebagoshish  and  Bo^  String 

Lake 

Bow  String  Lake,  head  of  the  Big  Fork  of  Rainy  River 

Head  and  foot  of  small  rapids  3  niiles  boluw  Little  Winnebagoshish 

Lake 

Mouth  of  Leech  Lake  Rivor 

Ball  Club  Lake 

Mud  Lake 


Feet  above  tlic  sea. 


1462 


1373 
1355 

1300-1302 
1298 
1309 

1290-1293 
1298 


1298 

130G 

1345 
1321 

1288-1«87 
1279 
1281 

1280-1283 
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Feet  above  tlio  soa. 

Leech  Lake,  formerly i^J^-li'Xi 

Same,  as  raised  by  dam  of  reservoir  system 1297 

(The  maximnm  depth  of  Leech  Lake,  in  its  southwest  bay,  is 
about  100  feet.) 
Highest  level  to  which  it  is  expected  that  this  lake  may  be  raisod 

within  the  next  5  years 1298'n 

Stage  of  maximum  capacity  of  the  Leech  Lake  dam 1:299*5 

Portage  Lake 1»J99 

Height  of  land  on  trail  from  Leech  Lake  to  Lake  Winneba^osbish.  1;{1>4 
Height  of  land  Boutb  of  Leech  Lake,  abunt  half  way  to  Fourteen 

Mile  Creek 1500 

Fourteen  Mile  Creek  on  road  south  from  Leech  Lake  to  Brninerd..  1375 

North  Branch  of  Pine  River  at  crossiug  of  this  road 132;) 

Pine  Hiver  at  crossing  of  this  road 11274 

Hav  Creek  at  crossing  of  this  road 12:^8 

South  Branch  of  Hay  Creek  at  crossi ng  of  this  road 124U 

Lower  Hay  Lake,  formerly 1225 

(This  lake  is  now  raised  by  dam  to  1,227.) 

White  Fish  Lake,  formerly 1224 

Same,  as  raised  by  Pine  River  dam  at  outlet  of  Cross  Lak<3 1227 

Highest  level  to  which  it  is  expected  that  Cross  aud  White  Fish 

Lakes  may  be  raised  within  the  next  few  years 12^U 

Stage  of  maximum  capacity  of  the  Pine  River  dam 123H'7 

Pelican  Lake 1211 

Upper  Gull  Lake,  above  the  dam 1200 

Gull  Lake 1194-119<) 

Cullen  Lake 1190 

Sylvan  Lake 1201 

Round  Lake 1195-119<5 

Lake  Hubert 1199 

Long  Lake 1200 

Red^Rand  Lake 1201 

Miwiasippi  River  at  White  Oak  Point 1270 

Same,  mouth  of  Vermilion  River 1273 

Vennilion  Lake 1278 

Miwissippi  River  at  mouth  of  outlet  of  Pokegniuu  Lake,  fornjerly ..  1270 

Pokegama  Lake,  formerly 1271 

Same,  as  raised  by  dam  of  reservoir  system 1275 

Ba88  Lake 1279 

Little  Bass  Lake 128  i 

Head  of  Pokegama  Falls,  formerly 12( J9 

Same,  as  raised  by  dam  of  reservoir  system,  flowing  Pokegama 

Lake 1275 

Foot  of  Pokegama  Falls,  900  feet  from  the  last 1254 

Head  of  Grand  Rapids,  3^  miles  below  Pokegama  Falls 1253 

Foot  of  Grand  Rapids,  ^  mile  from  the  last,  at  head  of  navigation 

of  tho  Mississippi 1248 

Month  of  Split  Hand  River 1230 

Month  of  Sandy  River,  nearly  the  same  level  as  Sandy  Lake 1210 

Missiiwippi  River  at  Aitkin 1190 

Month  of  Pine  River 1177 

Head  and  foot  of  Big  Eddy  Rapids,  i  mile  long 1170-1107 

Head  and  foot  of  Island  Rapids,  3,000  feet  long 1  U'A-l  102 

French  Rapids,  between  3  aud  4  miles  above  Brainerd,  4,000  feet 

long,  about 1159-1154 

MissiHsippi  River  at  Brainerd,  low  and  high  water ^ 1150-1107 

Mouth  ofCrow  Wing  River,  low  and  high  water 1145-110:5 

Mouth  of  Kokasippi  River,  near  Fort  Ripley 11:59 

Head  and  foot  of  Conrad i's  Shoals,  i  mile  long,  9  miles  below  Fort 

^  Ripley 1100-1104 

Little  Elk  Rapids,  1  mile  long,  near  the  mouth  of  Little  VAk  Uivor  110i-H>9r, 

Rapids  about  f  mile  long,  Little  Falls 1090-1079 

(Adam  recently  built  here  raises  the  river  above  thesn  rapids 
to  1,099  feet,  flowing  back  to  the  middle  of  tho  Littlo  KIk 
Rapids.  The  head  obtained  by  the  Little  Falls  dam  and 
canal  is  20  feet,  from  1,099  to  1,079.) 

Pike  Rapids,  i  mile  long 10G7-10C4 


> 
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Feet  above  the  nea. 

At  upper  end  of  island,  McDongall's  Rapids 1 0:i3 

Month  of  Platte  River lOiG 

(Platte  River  at  the  highway  hridge,  1)035;  at  the  railway 
bridge,  1,059.) 

Month  of  Little  Rock  River 1003 

AtWatab 1001 

Watab  Rapids,  800  feet  long 1000-yys 

Month  of  Sank  River,  above  the  dam  at  Sauk  Rapids H&i 

At  foot  of  breakwater,  Sauk  Rapids 9dt) 

At  railroad  bridge,  St.  Cloud,  low  water  before  the  dam  wa^i  bnilt..  965 

Head  and  foot  of  St.  Cloud  dam,  f  mile  below  the  last 975-902 

(The  canal  here,  900  feet  long,  gives  a  fall  of  15  feet,  from  975 
to  960.) 

At  St.  Angnsta  and  foot  of  the  "  Thousand  Islands  " 94ri 

At  Clearwater,  low  and  high  water 936-954 

At  head  of  Bear  Island,  about  a  mile  east  from  the  mouth  of  Silver 

Creek 920 

AtMonticello 891 

At  Elk  River 851 

Mouth  of  Crow  River,  Dayton ., 8:J9 

Mouth  of  Rum  River,  Anoka S'^ 

Mouth  of  Rice  Creek,  Fridley 800 

At  Minneapolis,  crest  of  St.  Anthony's  Falls,  ordinary  and  highest 

stages 794-802 

Same,  under  the  stone  arch  bridge,  low  water 739-743 

Same,  at  the  lower  end  of  Hennepin  Island 738 

Same,  at  the  St.  Paul  and  Northnm  Pacitic  Railroad  bridge,  1  mile 

below  the  falls 720 

At  the  short  line  bridge,  Chicago,  Milwaukee  and  St.  Paul  Rail- 
way, low  and  high  water - 709-724 

At  Fort  Snelling  bridge 690 

Mouth  of  Minnesota  River,  low  and  high  water 688-710 

At  St.  Paul,  extreme  low  water,  1864,  and  Dec.  3  and  4, 1878,  683-04 ; 

lowest  stage  in  ordinary  vears,  685;  high  water,  1880,  697-94; 

extreme  high  water,  Apr.29, 1881,  70-2'04 683-702 

[These  elevations  at  St.  Paul  are  Major  Allen's  determina- 
tions, to  which  the  series  thence  southward,  supplied  by 
Major  Mackenzie,  would  add  1*71  feet.] 

(At  Red  Rock,  Minn.,  6  miles  below  St.  Paul,  low  water 680) 

(At  Newport,  Minn.,  low  water 679) 

(At  the  mouth  of  Gray  Cloud  Slough,  6  miles  above  Hastings,  low 

water 673) 

(AtNininger,  Minn.,  low  water 672) 

At  Hastings,  Minn.,  low  and  high  water 670-50-687*30 

(Same,  extreme  high  water,  1881,  about 690) 

(Mouth  of  the  St.  Croix  River,  Prescott,  Wis.,  extreme  low  and  high 

water,  about 1 667-687) 

At  Red  Wing,  Minn.,  lowaudhigh  water 664-50-680-65 

(Lake  Pepin  (maximnm  depth,  near  its  south  end,  60  feet)  low  and 

high  water 664-680-5) 

(At  Read's  Landing,  Minn.,  low  and  high  water 663  7-680*4) 

At  Wabasha,  Minn.,  low  and  high  water i 661-60-681*32 

(The  record  of  a  flood  stage  here  slightly  higher  than  at  Red 
Wing  above  Lake  Pepin  is  probably  due  to  the  inflow  from 
the  Chippewa  River,  which  joins  the  Mississippi  near  Wa- 
basha.   See  Geology  of  Minnesota,  vol.  2,  p.  26. ) 

At  Alma,  Wis.,  low  and  high  water 655-93-672*18 

At  Minneiska,  Minn.,  low  and  high  water 649*94-665*64 

At  Fountain  City,  Wis.,  low  and  high  water 644-16-^660*10 

At  Winona,  Minn.,  low  and  high  water 639-19-656-27 

(At  Trempealeau^  Wis.,  low  water &.\6) 

(At  Dresbach,  Minn.,  low  water (>3-i) 

At  La  Crosse,  Wis.,  low  and  high  water 027-99-643-49 

At  Brownsville,  Minn.,  low  and  high  water 622*10-637 -81 

(At  the  southeast  corner  of  Minnesota,  low  and  high  water,  about.  616-634-5) 

At  Victory,  Wis.,  low  and  high  water 615-39-6.34-01 

At  Lansing,  Iowa,  low  and  high  water 612-24-631-84 
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At  Prairie  da  Chien,  WU.,  low  water,  604-28;  liigli  water,  1d81, 

623-28;  extreme  high  water,  1880,  about  626-20 604'28-626-20 

At  North  McGregor,  Iowa,  low  and  high  water 603-97-6'25-97 

(Month  of  the  WiBConsin  River,  low  and  high  water,  about 60^-625) 

AtClayton,  Iowa,  low  and  high  water 601-42-(»22-70 

At  Glen  Haven,  Wis.,  low  and  high  water 599-75-61U'70 

At  Cassville,  Wis.,  low  and  high  water 594'9d-616'46 

At  Specht's  Ferry,  Iowa,  low  and  high  water 589-85-610'80 

At  Dubuque,  Iowa,  low  and  high  water 584*75-606'6o 

AtBellevue,  Iowa,  low  and  high  water 577-87-59802 

AtSavanna,  111.,  lo\9  andhigh  water 57212-591-75 

At  Fulton,  111.,  low  and  high  water 566-48-586-68 

At  Clinton,  Iowa,  low  and  nigh  water 565*89-n586"18 

At  Le  Claire,  Iowa,  at  the  head  of  the  Rock  Island  Rapids,  low 

and  high  water 562'25-570'25 

At  Rock  Island,  111.,  at  the  foot  of  the  rapids,  12  miles  from  Le 

Claire,  low  and  high  water 541*56-559*96 

AtMiwcatine,  Iowa,  low  water,  530-53;  high  water,  1881,  547-10..  530-5-^47 

At  Port  Louisa,  Iowa,  low  and  high  water 525*52-541*67 

At  New  Boston,  111.,  nearly  opposite  to  the  month  of  the  Iowa  River, 

low  and  high  water 52.3-45-539'34 

At  Keithsbnrgh,  111.,  low  and  high  water 52*2*71-5:}616 

AtOquawka,-Ill.,  low  and  high  water 515*6:i-531-15 

At  Burlington,  Iowa,  low  and  high  water 510-77-526-51 

(Notes  from  William  Steyh,  city  engineer,  supply  the  following  ele- 
vations in  Burlington : 

Mississippi  River,  extreme  high  water,  1851  and  1881 531 

Union  depot 533) 

At  Appanoose,  HI.,  low  and  high  water 502*36-518*09 

At  Fort  Madison,  Iowa,  low  andhigh  water 501*87-517-59 

At  Montrose,  Iowa,  at  the  head  of  the  Des  Moines  Rapids,  low 

water,  500*09 ;  high  water,  1881,  511-:% ;  high  water,  1851,  513-66.  500-513 

At  Keoknk,  Iowa,  at  the  foot  of  the  rapids,  8  miles  from  Montrose, 

lowand  high  water 476*96-494-46 

(Mouth  of  the  Des  Moines  River,  at  the  southeast  corner  of  Iowa, 

low  and^high  water,  about 475*5-493) 

At  Alexandria,  Mo.,  low  water 474*51 

(Same,  extreme  high  water 496) 

At  Gregory's  Land mg,  Mo. ,  low  and  high  water 471  '64-488 -09 

AtCanton,  Mo.,  low  and  high  water 466-19-479-39 

AtQuincy,  111.,  low  andhigh  water 458-21^74-76 

At  Hannibal,  Mo.,  low  and  high  water 450-12-467-42 

(Same,  high  water,  1851 472) 

At  Lonisiana,  Mo.,  low  and  high  water 437-11-452*91 

At  CUbrksville,  Mo.,  low  and  high  water 433-05-448-25 

(Mouth  of  the  Illinois  River,  low  and  high  water,  about 407^24) 

(Same,  extreme  high  water,  about 435) 

At  Grafton,  111.,  low  and  high  water 405*46-422*43 

Mouth  of  the  Missouri  River,  extreme  low  and  high  water,  approx- 
imately  .' 395-435 

At  St.  Louis,  Mo.,  zero  of  gauge,  378*97 ;  extreme  low  and  high 

water,  1870  to  1887  (range  33-78  feet) 37999-413-77 

[Same,  bed,  363,  extreme  Tow  water,  379 ;  high  water,  1844  (range, 
49  feet),  428.— Gannett's  Dictionary  of  Altitudes.] 

St.  Louis  directrix , 412-71 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 

1670  to  1887  were  as  follows : 
1870, 1.  w.,  Dec.  24, 384*23 ;  h.  w.,  Apr.  16,  405*18. 
1871, 1.  w.,  Dec.  21,  381*81 ;  h.  w.,  March  17,  400*79. 
1872, 1.  w.,  Dec.  4,  360*72 ;  h.  w.,  June  12, 400-87. 
1873, 1.  w..  Nov.  30,  382-84 ;  h.  w.,  Apr.  11,  403-22. 

1874,  1.  w.,  Dec.  31,  381*77 ;  h.  w..  Mar.  22,  39903. 

1875,  1.  w.,  Jan.  3,  381-27  ;  h.  w.,  July  11,  407-72. 
1876, 1.  w.,  Dec.  9,  38577 ;  h.  w.,  May  10,  410-97. 

1877,  1.  w.,  Oct.  4,  3a5-82;  h.  w.,  June  14,  405-57. 

1878,  1.  w.,  Dec.  25,  384  62;  h.  w.,  June  15,  404-72. 

1879,  i.  w.,  Dec.  26.  382-47 ;  h.  w.,  July  3,  400-1*2. 
18tJ0, 1,  w.,  Nov.  29,  381*77;  h.  w.,  July  12,  404*47. 
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1881,  l.vr.,  Feb.  5,  386'52;  h.w.,  May  6,  412-62. 

1882,  1.  w.,  Dec.  18,  381  82  ;  h.  w.,  July  5,  411-17. 

1883,  1.  w.,  Jan.  12,  rW3-42  ;  h.  w.,  June  26,  413-77. 
1884, 1.  w.,  Jan.  5,  .382-12 ;  h.  w.,  Apr.  9,  407-07. 
1885, 1.  w..  Dec.  15,  381-07 ;  h.  w.,  June  17,  40607. 
1886, 1.  w.,  Dec.  5,  380-42 ;  h.  w..  May  13,  405-97. 
1887,  1.  w.,  Dec.  27,  379-99  ;  h.  w.,  Apr.,  399-52. 

(At  Fountain  Blulf,  111.,  low  and  high  water 313-357) 

(At  Thebes,  111.,  low  and  hi^h  water .-  291-339) 

Mouth  of  the  Ohio  River,  Cairo,  111. ,  zero  of  gauge 209 'oS 

Extreme  low  and  high  water,  1871  to  1887  (range  52-17  feet) 269-58-321-75 

Cairo  datum-plane,— 21*26  feet  (below  mean  tide  in  the  Gulf  of  Mex- 
ico). 

Ihe  lowest  and  highest  stages  of  the  river  here  daring  the  years 
1871  to  1887  were  as  follows: 

1871, 1.  w.,  Dec.  26,  269-58. 

1872, 1.  w.,  Dec.  6,  270-58 ;  h.  w.,  Apr.  19,  308-78. 

1873, 1.  w.,  Oct.  16,  272-18 ;  h.  w.,  Feb.  26,  31113. 

1874, ).  w.,  Nov.  13,  272-58 ;  h.  w.,  Apr.  26,  316-95. 

1875. 1.  w.,  Jan.  26,  274-88 ;  h.  w.,  Aug.  8,  314*70. 

1876,  1.  w,,  Dec.  29-31,  270-68;  h.  w.,  Apr.  6,  315*96.. 

1877, 1.  w.,  Jan.  1,  270*58 ;  h.  w.,  Apr.  15,  310-10. 

1878,  1.  w.,  Oct.  22,  275-50;.  h.  w.,  Apr.  29,  306*62. 
1879, 1.  w.,  Oct.  10,  272*26 ;  h.  w.,  Dec.  31,  306*08. 
1880, 1.  w.,  Nov.  29,  275*28 ;  h.  w.,  Mar.  22,  314-18. 

1881, 1.  w.,  Jan.  7  and  9,  and  Sept.  9,  274-98;  h.  w.,  Apr.  20,  315-38. 
1882,  I.W.,  Dec.  19,  27688;  h.w.,  Feb. 26,  321-45. 
1883, 1. w.,  Sept. 30,  274*2^;  h.w.,  Feb. 27,  321 -75. 
1684,  1.  w.,  Dec.  10,  276*88;  h.w.,  Feb.  23,  321-37. 

1885,  1.  w.,  Oct.  20,  277*88 ;  h.  w.,  Jan.  26,  308-58. 

1886,  1.  w.,  Nov.  11,  273-38 ;  h.  w.,  Apr.  19,  320-56. 
1887, 1.  w.,  Dec.  31,  271 -60 ;  h.  w.,  Mar.  9,  318*16. 

At  Columbus,  Ky . ,  an/tl  Belmont,  Mo.,  zero  of  gauge S07-8.S 

Extreme  low  and  high  water,  1882  to  1886  (range,  41-40  feet) 270*28-31 1  Oi 

(Same,  extreme  low  water,  about 264) 

The  lowest  and  highest  stages  of  the  river  here  doring  the  years 

1882  to  1886  were  as  follows: 
1882, 1.  w.,  not  recorded ;  h.  w.,  Feb.  86, 310-67. 
1883, 1.  w.,  Sept.  30,  270-48 ;  h.  w.,  not  recorded. 

1884,  I.W.,  Dec.  10,  27273;  h. w.,  Feb. 23,  311-68. 
1885, 1.  w.,  Oct.  20,  273.79 ;  h.  w.,  Jan.  26,  301-93. 
1886,  1.  w.,  Nov.  12,  270-28 ;  h.  w.,  Apr.  19,  310-45. 

(At  Hickman,  Ky.,  extreme  low  and  high  water,  abont 257-303) 

At  New  Madrid  (Morrisson's  Landing),  Mo.,  zero  of  gauge 254-78 

Extreme  low  and  high  water,  1879  to  1886  (range  41-67  feet) 254*61-296*28 

The  lowest  nnd  highest  stages  of  the  river  here  during  the  years 
1879  to  1886  were  as  follows: 

1879,  1.  w.,  Nov.  12, 254-61. 

1880, 1.  w.,  Nov.  30,  256-98 ;  h.  w.,  Mar.  24,  289-48. 
1881, 1.  w.,  Jan.  8,  254-78 ;  h.  w.,  not  recorded. 

1882,  1.  w.,  Dec.  19,  '258-49  ;  h.  w.,  not  recorded. 

1883,  1.  w.,  Oct.  1, 256-50 ;  h.  w.,  not  recorded.  *    « 
1884, 1.  w.,  Dec.  10, 25873 ;  h.  w.,  Feb.  24, 296*28. 

1885, 1.  w., Oct. 21, 260-09 ;  h.  w.,  Jan. 26, 286-20. 
1886,  l/m-.,  Nov.  13, 256-71 ;  h.  w.,  Apr.  20, 295-16. 

At  Cottonwood  Point,  Mo.,  zero  of  gauge 239*36 

Extreme  low  and  high  water,  1879  to  1884  (range,  37-80  feet) 229*41-207*21 

The  lowest  nnd  highest  stages  of  the  river  here  during  the  years 

1879  to  1884  were  as  follows : 
1879, 1.W.,  Nov.  16, 2*29-41. 
1880, 1.  w.,  Nov.  30, 231-51 ;  h.  w..  Mar.  25, 264-86. 
1881, 1.  w.,  Jan.  8, 230-96 ;  h.  w.,  Apr.  24, 264-56. 
1882, 1.  w.,  Dec.  20, 233  01 ;  h.  w.,  Feb.  *28, 266-86. 
1883, 1.  w.,  Oct.  1, 230-36 ;  h.  w.,  Feb.  28, 267-21. 
1884, 1.  w.,  Dec.  10, 23211 ;  h.  w.,  Feb.  25, 26681, 

At  Fulton,  Tenn.,  zero  of  gauge 207*29 

Extreme  low  and  high  water,  1879  to  1886  (range,  34  -59  feet) 209*39-243-98 


tffnAir,!  AND   THE   ftOCKY    MOUNTATKS,  153 

Feet  above  the  sea. 

The  lowest  and  highest  stages  of  the  river  here  daring  the  years 
ll:f79  to  1886  were  as  follows : 

1879,1.  w.,  Nov.  14, 209-39. 

1880, 1.  w.,  Nov.  1, 211-94 ;  h.  w.,  Mar.  26, 241-44. 

1881,L w..  Jan. 9, 211-33 ;  h.  w.,  Apr, 26, 24156. 

1882,1.  w.,  Deo.  20, 213-93 ;  h.  w..  Mar.  1, 243-98. 

1883,Lw.,Oct.  1,211-97;  h.w.,Mar.2,243-5y. 

l»4,Lw.,  Dec.  11, 212-77;  h.  w.,  Feb.  •-»-29, 242-97. 

Ift5, 1.  w.,  Oct.  21, 213. 57 ;  h.  w.,  Jan.  28, 237-21. 

1886,  L  w.,  Nov.  14, 21 1- 15 ;  h.  w. ,  Apr.  22, 242-65. 

Allfemphis,  Tenn.,  zero  of. gauge 182-71 

Eitreme  low  and  high  water,  1872  to  1887  (range,  36-25  feet) 181 -76-211^  01 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 
1872  to  1887  were  as  follows: 

1872, 1.  w.,  Dec. 25, 181-76 ;  h.  w.,  Apr.  24, 214-21. 

1873,L w., Oct.  30, 183-71 ;  h. w.,  Mar. ,3, 215-21, 

1874,1.  w.,  Nov.  16, 184-11 ;  h.  w..  May  2, 216-71. 

1875,1.  w.,  Jan.  27, 185-91 ;  h.  w.,  Aug.  16, 215-76. 

1876, 1.  w.,  Dec.  30, 183-91 ;  h.  w.,  Apr.  8, 216-79. 

1877, 1.  w.,  Jan.  2, 183-46 ;  h.  w.,  Apr,  29, 214-76. 

1^8, 1.  w.,  Nov.  3, 185-61 ;  h.  w..  May  2, 211-81, 

1879, 1.  w.,  Oct. 9-12,  and  Nov.  11, 183-76 ;  h.  w.,  Jan.  29, 210-81. 

im,  1.  w., Oct. 31, 185-31 ;  h.  w..  Mar. 24-29, 21611. 

1881, 1. w., Sept.  11, 184-81 ;  h. w., Apr. 27, 21601. 
18R2, 1.  w.,  Dec.  21, 186-21 ;  h.  w, ,  Mar.  6  and  9, 217*86. 
It83, 1.  w.,  Oct.  2, 184-61 ;  h.  w..  Mar.  7, 217-46. 
1884, 1.  w.,  Dec.  11,  ia5-81 ;  h.  w.,  Mar.  2, 216-86. 
1885, 1.  w.,  Oct.  22, 186-86 ;  h.  w.,  Jan.  28, 21196. 
1886, 1.  w.,  Nov.  15, 185-21 ;  h.  w. ,  Apr.  28, 217-51. 
1887, 1. w., Nov. 20, 18391 ;  h. w. , Mar.  10, 218-01. 

At  Mhoon's  Landing,  Miss.,  zero  of  gange 100*22 

Extreme  low  and  hiah  water,  1882  to  1884  (range,  37-80  feet) 16202-200-42 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 

1882  to  1884  were  as  follows : 
1882, 1.  w.,  Dec.  22, 166-17 ;  h.  w.,  Mar.  8. 200-02. 
1883. 1.  w.,  Oct.  1, 162-62 ;  h.  w. .  Mar.  8, 200-42. 
1884,  L  w.,  Dec.  12, 162-82;  h.  w.,  March  5, 199*10. 

At  Helena,  Ark.^  zero  of  gange 140-72 

Extreme  low  and  high  water,  1872  to  1886  (range,  48-10  feet) 140'72-188-82 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 

1872  to  1886  were  as  follows : 
1872. 1.  w.,  Deo.  26, 140-72 ;  h.  w.,  Apr.  26, 179-75. 
larj,  1.  w.,  Oct.  17-22, 144-72 ;  h.  w..  Mar.  6, 180-72. 
1874, 1.  w.,  Nov.  16, 144-42 ;  h.  w..  May  11, 186-54. 
1875, 1.  w.,  Jan. 28, 147-22 ;  h.  w.,  Apr.  13, 183-12. 
1876, 1.  w.,  Dec.  31, 143-72 ;  h.  w.,  Apr.  18, 185-57. 
1877, 1.  w.,  Jan. 4, 142-42 ;  h.  w.,  Apr.  30, 182-52, 
1878, 1.  w.,  Nov.  3, 147-97 ;  h.  w,.  May  3, 179-47. 
li<79, 1.  w.,  Nov.  14, 144-82 ;  h.  w.,  Jan.  31, 177-97. 
1»S0, 1.  w.,  Nov. 3, 148-82 ;  h.  w.,  Apr.  1, 184*41. 
1*^1.1.  w.,  Sept.  15, 146-97;  h.w.,May  14,184*46. 
ldH2, L  w.,  Deo. 22, 149-32;  h. w..  Mar.  9, 187*92. 
1883, 1.  w.,  Oct.  1, 147-12;  h.  w..  Mar.  H,  187-62. 
1684,  L  w.,  Dec.  13, 147  97 ;  h.  w..  Mar.  6, 187  72. 

1885, 1.  w. ,  Oct.  2.3, 148-72 ;  h.  w.,  Jan.  30. 181  -42.  v 

1886, 1,  w.,  Nov.  16,  143-72 ;  h.  w.,  Apr.  30, 188-82. 

At  Glendale,  Miss.,  zero  of  gange 146-81 

1880, 1.  w.,  not  recorded ;  h.  w.,  Apr.  3, 184-47. 
1881, 1.  w.,  not  recorded ;  h.  w.,  Mav  13, 184-71. 

At  St.  Lonis  Landing,  Ark.,  zero  o^  gftnge 120-01 

1884,  1.  w.,  Dec.  13,  134-71 ;  h.  w.,  Mar.  6, 168-21. 

At  Sunflower  Landing,  Miss.,  zero  of  gange 125-87 

1883,1.  w.,  Oct.  1-4,  131-17;  h.  w.,Mar.  10,167-0>. 

At-Malone's  Landing,  Miss.,  zero  of  gange 133-70 

Extreme  low  and  high  water,  1880  to  1882  (rangr,  3 1  *0>  f  .ot ) 132-30-166-32 

The  lowest  and  highest  stages  of  the  river  bcre  duriug  the  years 

1380  to  1882  were  as  follows : 
1880,  1.  w.,  Nov.  3,  133*80;  h.  w.,  not  recorded. 
IdBl,  L  w.,  Sept.  19,  132-30;  h.  w.,  May  14, 164  60. 
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1832, 1.  w.,  Dec.  24,  133-80 ;  h.  w.,  Feb.  28,  1G6-32. 

Mouth  of  White  River,  Ark.,  zero  of  gaup:e 107'47 

Extreme  low  and  high  water,  1872  to  1886  (range,  48-40  feet) 107-47-155-87 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 

1872  to  1886  were  as  follows : 
1872, 1.  w.,  Dec.  28,  107-47 ;  h.  w,,  Apr.  30,  147  67. 
1873, 1.  w.,  not  recorded ;  h.  w.,  Apr.  25,  150  37. 
1874, 1.  w.,  Nov.  16,  110-17;  h.  w.,  not  recorded. 
1875. 1.  w.,  Jan.  2-',  114 -27  ;  h.  w.,  Apr.  16,  152-47. 
1876, 1. w.,  Dec. 26,  11037;  h. w.,  Apr.  8-15,  154-17. 
1877, 1. w.,  Jan. 8,  109*67 ;  h.  w.,  May  5,  15207. 

1878,  records  lacking. 

1879, 1.W.,  Oct.  14,  109-87;  h.w.,  not  recorded. 

1880,  I.W.,  Nov.  4,  114-47  ;  h.  w.,  Apr.  24,  154  02. 
1881, 1. w.,  Sept.  14,  112-97;  h.w.,  May  15-18,  153-17. 
1882, 1. w.,  Dec. 23,  117-17;  h.w.,  Feb. 28,  155-87. 
1883, 1.  w.,  Oct.  3, 114-27 ;  h.  w.,  Mar.  9-12,  155-47. 
1884, 1.  w..  Dec.  13, 116-47 ;  h.  w.,  Mar.  7, 155-37. 
1885. 1.  w.,  Oct.  24,  117-47  ;  h.  w.,  Jan.  24. 15107. 
1886, 1.  w.,  Nov.  15, 113-37 ;  h.  w..  May  4, 155-67. 

At  Arkansas  City,  Ark.,  zero  of  gauge 95-09 

Extreme  low  and  high  water,  1880  to  1886  (range,  45-20  feet) 96-89-142-09 

The  lowest  and  highest  stages  of  the  river  here  dnring  the  years 

1880  to  1886  were  as  follows : 
1880,1. w., Nov. 4,  100-99;  h.w., Apr.  3, 140-94. 
1881, 1.W., Jan.  14, 96-89;  h.w., May  17.  139-39. 
1882, 1. w., Dec. 23, 102-64 ;  h. w., Feb. 28, 14209. 
1883, 1.  w.,  Oct.  3, 99-34 ;  h.  w.,  Mar.  11, 141-41. 
1884, 1.  w.,  Dec.  13, 102-59 ;  h.  w..  Mar.  8,  141-59. 
1885,1.  w.,  Oct.  25,  102-79;  h.  w..  May  8,  137-69. 
1886,1.  w.,  Nov.  16,  98-09;  h.  w..  May  5,  141-99. 

At  Greenville,  Miss.,  zero  of  gauge 86-74 

Extreme  low  and  high  water,  1882  to  1886  (range,  37-48  feet) 90*94-128-42 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 

1882  to  1886  were  as  follows : 
1882, 1.  w.,  Dec.  23,  9409 ;  h.  w.,  Feb.  27,  128-42. 
188:3, 1.  w.,  Oct.  4,  92-36;  h.  w.,  Mar.  11,  12714. 
1884, 1.  w.,  Dec.  13,  94-64 ;  h.  w..  Mar.  8,  127-84. 

1885,  1.  w.,  Oct.  25,  9504 ;  h.  w.,  Mav  8,  124-79. 

1886,  1.  w.,  Nov.  16,  90-94  ;  h.  w..  May  6.  127*91. 

At  Refuge,  Miss.,  zeroof  gauge 81-53 

Extreme  low  and  high  water,  1879  to  1881  (range,  40-00  feet) 83-83-123.83 

The  lowest  and  highest  stages  of  the  river  here  during  the  years  1879 
to  1881  were  as  follows: 

1879,  1.  w.,  Oct.  28,  83-83. 

1880, 1.  w.,  Nov.  6,  8503;  h.  w.,  Mar.  23-27,  123-83. 

1881,  1.  w.,  Sept.  20.  85-13;  h.  w.  May  18,  123*53. 

At  Wilson's  Point,  La.,  zero  of  gauge 72-19 

1884,  1.  w.,  Dec.  14,  7869;  h.  w.,  Mar.  23,  110-00. 

At  Lake  Providence,  La.,  zeroof  gauge 68*30 

Extreme  low  and  high  water,  1872  to  1866  (range,  42-25  feet) 64-51-106*76 

The  lowest  and  highest  stages  of  the  river  here  duriug  the  years 

1872  to  1886  were  as  follows : 
1872, 1.  w.,  Dec. 29, 64*51 ;  h.  w.,  May  1, 103*51. 
1873, 1.  w., Nov.  4, 69-27 ;  h.  w.,  Mav  28, 104-48. 
1874, 1.  w.,  Nov.  16, 69-31 ;  h.  w.,  Mar.  22, 105-73. 
1875, 1.  w.,  Nov.  12, 74-26 ;  h.  w.,  Apr.  19, 105-65. 
1876, 1.  w.,  Dec.  31, 69-61 ;  h.  w.,  Apr.  13, 10631. 
1877. 1.  w.,  Jan.  1-3, 69-61 ;  h.  w.,  May  6, 104*18. 
1878, 1.  w.,  Oct. 27  and  Nov, 5, 72-11 ;  h.  w.,  Mar.  23, 104*16. 
1879, 1. w., Oct.  16, 68-91 ;  h. w., Feb.  15, 10436. 
1880, 1.  w.,  Nov.  3, 73-56 ;  h.  w.,  Apr.  3, 106-41. 
1881, 1.  w.,  Sept.  14-19, 71 -36;  h.  w.,  Mar.  11, 104-53. 
1882, 1.  w., Dec.  25, 74-26 ;  h.  w..  Mar.  20, 106-68. 
1883, 1.  w.,  Oct.  2, 72-56 ;  h.  w..  Mar.  11-14, 104-8a. 
18S4, 1.  w.,  Dec.  15, 73-91 ;  h.  w..  Mar.  23, 106*76. 
1885, 1.  w.,  Oct.  26, 74-76;  h.  w.,  May  10, 103-9L 
1886. L  w., Nov.  19, 70-91 ;  h.  w.,  May  7, 10627. 
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Feet  above  the  sea. 

At  Hay's  Landing,  Miss.  (Point  Lookout,  La. ),  zero  of  gauge 64*79 

Extreme  low  and  high  water,  1882  and  18!i4  (range,  35  94  feet) 67-57-103-51 

im,  I.  w., Nov.  3, 70-83 ;  h.  w.,  Mar. 20, 103-38. 
1884.L  w., Dec.  14, 67-57  ;  h.  w.,  Mar. 24, 103'51. 

AtVicksbnrg,  Miss.,  zero  of  gauge 44-78 

Extreme  low  and  high  water,  1872  to  1886  (range,r>0-30  feet) 43-48-93-78 

The  lowest,  and  highest  stages  of  the  river  here  during  the  years 

1872  to  1886  were  as  follows : 
1872,1.  w.,Dec.  30, 43-48;  h.w.,  May  2,84-28. 
li^3, 1.  w.,  Jan.  1, 47-13 ;  h.  w.,  May  29, 85-38v 
1:<74, 1.  w.,  Nov.  16  and  21, 4793 ;  h.  w.,  May  2-5, 90-48. 
1^5, 1  w.,  Nov.  14, 52-88 ;  h.  w.,  Apr.  21, 87-78. 
1876, 1,  w.,  Dec.  30, 48  83 ;  h.  w.,  May  10, 89-68. 
1877, 1.  w.,  Jan.  6, 47-03 ;  h.  w..  May  8-13, 8638. 
1878, 1.  w.,  not  recorded ;  h.  w.,  March  24-27, 85*73. 
1^79, 1.  w.,  not  recorded ;  h.w.,  Feb.  17, 84  -23. 
im,  1.  w.,  Oct. 27, 52-48 ;  h.  w.,  Apr.  8, 87-93. 
1881, L  w.,  Sept.  19, 48-43 ;  h.  w..  Mar.  11, 86*63. 
im,  1. w.,  Nov. 4, 53-28 ;  h.w., Mar. 20, 93-53. 
1883, 1.  w.,  Oct.  6, 47-68 ;  h.  w.,  Apr.  7, 88*58. 
18S4, 1.  w.,  Dec.  15, 49-63 ;  h.  w.,  Mar.  25, 9378. 
1885, 1.  w.,  Oct.  26, 49-68 ;  h.  w..  May  11, 85*68. 
1886, 1.  w.,  Nov.  16,  44-78 ;  h.  w.,  May  8,  88*93. 

At  St.  Joseph,  La.,  zero  of  gauge 31-48 

Extreme  low  and  high  water,  1882  to  1881  (range,  40*95  feet) 35*43-76*38 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 

1882  to  1^^  were  as  follows : 
1«2,  1.  w.,  Nov.  5-11,  39*58  ;  h.  w.,  Mar.  20,  76*38. 
I8-«,  1.  w.,  Oct.  8,  35*68 ;  h.  w.,  Apr.  7.,  73*38. 
1«8I,  1.  w.,  Dec.  16,  35*43 ;  h.  w..  Mar.  24,  76*37. 

At  Natchez,  Miss.,  zero  of  gauge *    15*57 

Extreme  low  and  high  water  1872  to  1887  (range,  47-75  feet) 15-57-63-32 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 

1872  to  1887  were  as  follows : 
1872, 1.  w.,  Dec.  15, 15*57  ;  h.  w.,  May  2-5, 55*42. 
1873, 1.  w.,  Jan.  1, 16-52 ;  h.  w.,  May  30, 55-72. 
1«74, 1.  w.,  Nov.  17, 18-27 ;  h.  w.,  Apr.  20, 6117. 
1875, 1,  w.,  Jan.  1, 22-57 ;  h.  w.,  Apr.  25, 57-42. 
1876, 1.  w..  Dec.  31, 18-47 ;  h.  w.,  May  15, 59*42. 
1877. 1.  w.,  Jan.  9, 16-97 ;  h.  w..  May  30, 56*27. 
1^78, 1.  w.,  Nov. 8, 21-92 ;  h.  w.,  Mar. 28, 54*77. 
1879, 1,  w., Oct.  18-22, 17-37 ;  h.  w.,  Feb.  17-20, 52*37. 
l^m,  1. w., Oct. 28, 22*87 ;  h. w., Apr.  16, 5907. 
1881 , 1.  w.,  Sept.  21. 20-27  ;  h.  w..  Mar.  16  and  19, 56-37. 
1882, 1.  w.,  Nov.  6-9, 25-27 ;  h.  w.,  Mar.  28, 63*32. 
1883, 1.  w.,  Oct.  6, 20-47  ;  h.  w. ,  Apr.  8, 59*57. 
1884, 1.  w..  Dec.  16, 23*37 ;  h.w.,  Mar.  20, 62*97. 
!>«.>,  1.  w., Oct. 27, 2207 ;  h.  w., May  13, 56*77 
1886, 1.  w.,  Nov.  8. 18*37 ;  h.  w.,  May  10, 59*:J2. 
If^n,  1.  w. ,  Nov.  25, 16-92 ;  h.w.,  Mar.  31, 59*77. 
Month  of  the  Red  River  and  head  of  the  Atchafalaya  River,  Red 

River  Landing, La., zero  of  gauge.... 2*59 

Extreme  low  and  high  water,  1872  to  1886 (range  4850  feet) 2-59-51*09 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 

1872  to  1886  were  as  follows : 
1872, 1,  w.,  Dec.  15, 2-59 ;  h.  w..  May  6, 42*01. 
1873. 1.  w.,  Oct.  25, 4-84 ;  h.  w.,  June  12, 41*61. 
1874, 1.  w.,  Nov.  22, 4-49 ;  h.  w..  Apr.  16, 49*59. 
1875. 1.  w.,  Jan.  1, 8-59 ;  h.  w.,  May  3, 4304. 
1876, 1.  w., Dec. 30, 4*84  ;  h.  w., May  15, 4800. 
1877, 1.  w.,  Jan.  8  and  10, 3*44 ;  h.  w.,  June  2, 43*14. 
1878,  records  lacking. 

1879. 1.  w.,  Oct.  24, 3*14  ;  h.  w.,  Feb.  19, 38-49. 
ISrtO,  1. w. , Oct. 26, 8*69 ;  h.w., Apr. 23, 46*64. 
1881, 1.  w.,  Sept.  21, 5*99 ;  h.  w.,  Apr.  6-9, 42-69. 
1882, 1.  w., Oct.  18, 11*69:  h. w., Mar. 27, 51*09. 
1883, 1.  w.,  Oct.  7, 6*54 ;  h.  w., Apr. 9, 47*79. 
1884,  L  w. ,  Oct.  1, 8*89 ;  h.  w.,  Mar.  30, 49-89. 
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Feet  above  the  sea. 
1885, 1.  w., Oct. 26, 9-29 ;  h.  w.,  Fob.  5, 44  55. 
188(),  1.  w.,  Nov.  20, 5-34  ;  h,  w..  May  31, 44'53. 

At  Port  HIckey,La.,zero  of  gauge  (below  mean  tide) — 7*58 

Extreme  low  and  high  water,  I8dl  to  1884  (range  38.40  feet) 11)2-40-32 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 

1881  to  1884  were  as  follows : 
1881, L  w.,  Sept.  11, 1-92 ;  h.  w., Apr.  6, 33*22. 

1882,  L  w.,  not  recorded ;  h.  w..  Mar.  28, 40*32. 
1883, 1.  w.,  not  recorded :  h.  w.,  Apr.  9, 38'52. 
1884, 1.  w.,  Dec.  3, 5-54 ;  h.  w..  Mar.  29, 3984. 

At  Baton  Rouge,  La.,  zero  of  gauge — 1*20 

Extreme  low  and  high  water,  1872  to  1886  (range  35*30  feet) — 0*30-30-U0 

The  lowest  and  highest  stages  of  the  river  here  during  the  yeai*8 

1872  to  18S6  were  as  follows : 
1872, 1,  w., Dec. 22,  —005 ;  h.  w., May  7, 28-45. 
1873, 1.  w.,  Jan.  1, 1*12  ;  h.  w.,  June  17, 28-65. 
1874, 1.  w.,  Nov. 21, 1-10 ;  h.  w.,  Apr.  16, 34-95. 
1875,1.  w.,  Jan.  1,2-75;  h.w.,May  13,28-55. 
1H76, 1.  w.,  Dec.  :W, 0-50 ;  h.  w.,  May  8  and  15, 32-20. 
1877, 1,  w.,  Jan.  9,  —0-30 ;  h.  w.,  June  1  and  4,  28*45. 
1878, 1.  w.,  Nov.  6,  2-10 ;  h.  w.,  Apr.  1,  20-95. 
1879, 1.  w.,  Nov.  21-24,  0*80 ;  h.  w.,  Feb.  16,  24*90. 
1880, 1.  w.,  Oct.  14  and  25,  2-80 ;  h.  w.,  Apr.  23,  32*00. 
1881, 1.  w.,  Sept.  22,  1-70 ;  h.  w.,  Apr.  8,  28-85. 
1882, 1.  w.,  Oct.  18,  4*98 ;  h.  w..  Mar.  26,  34*75. 
1883, 1.  w.,  Oct.  7,  1-90 ;  h.  w.,  Apr.  9,  33*88. 
18H4, 1.  w.,  Dec.  1,  405 ;  h.  w..  Mar.  -24,  35*00. 
1885, 1.  w.,  Oct.  31,  3*45 ;  h.  w..  May  11-16,  28-93. 
ia^6, 1.  w.,  Nov.  20,  1-15;  h.w.,  June  1,  30-90. 

At  Plaquemine.  La.,  zero  of  gauge — 0-20 

Extreme  low  and  high  water,  1881  to  1884  (range  30-12  feet) 1-28-3140 

The  lowertt  aud  highest  stages  of  the  river  here  during  the  years 

1881  to  1884  were  as  follows : 
1881, 1.  w.,  Sept.  6  and  10-13,  1-60 ;  h.  w.,  Apr.  3-9,  25*80. 
1882, 1.  w.,  Oct.  15-18  and  Nov.  10,  3-60 ;  h.  w,,  Mar.  21-27,  31*10. 
1883, 1.  w.,  Oct.  7,  1*28 ;  h.  w.,  Apr.  9,  30*53. 
1884, 1.  w.,  Oct.  1,  2*70  ;  h.  w..  Mar.  24,  31-40. 

At  College  Point,  La.,  zero  of  gauge — 0*02 

Extreme  low  and  high  water,  1880  to  1884  (range  22*73  feot) 1-30-24*03 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 

1880  to  1884  were  as  follows : 
1880,  K  w.,  Nov.  2,  2*63  ;  h.  w.,  Apr.  21,  21-28. 
1881, 1.  w.,  Aug.  27  and  Sept,  19,  1*33 :  h.  w.,  May  23,  19*45. 
1882, 1.  w.,  Oct.  13  and  Nov.  7,  2*46 ;  h.  w..  Mar.  22,  23-10. 
1883, 1.  w.,  Oct.  13,  1-43 ;  h.  w.,  Apr.  9,  23*38. 
1884, 1.  w.,  Dec.  2, 1-30 ;  h.  w..  Mar.  24,  24  03. 

At  Carrollton,  La.,  zero  of  gauge    — 0*35 

Extreme  low  and  high  water,  1872  to  1887  (range  17*55  feet) — 1-95-15-60 

The  lowest  aud  highest  stages  of  the  river  here  during  the  years 

1872  to  1887  were  as  follows: 
1872, 1.  w.,  Dec.  27,  —1*95  ;  h.  w..  May  6,  11*95. 
1873, 1.  w.,  Nov.  20,  —0*27  ;  h.  w.,  June  3,  12*58. 
1874, 1.  w.,  Nov.  7,  —0*15 ;  h.  w.,  Apr.  15,  15*60. 
1875, 1.  w.,  Nov.  13,  —0*25;  h.  w.,  May  4  and  15,  10*95. 
1876, 1.W.,  Dec. 30,  —1*55;  h.w.,  May  11,  12*35. 
1877, 1.  w.,  Jan.  9,  -1-75 ;  h.  w.,  June  8,  10*75. 
(Dec.  17, 1876,  to  Jan.  24, 1877,  the  river  ranged  from  —0*15  to  — 1*75 

below  mean  sea  level.) 
1878, 1.  w.,  Nov.  22,  —0*45 ;  h.  w.,*  Mar.  21,  10*95. 
1879, 1.  w.,  Nov.  24,  —1*15 ;  h.  w.,  Feb.  20  and  2-i,  10-45. 
1880, 1.  w.,  Nov.  2,  —0*05 ;  h.  w.,  Apr. 23,  13*90.. 
1881, 1.  w.,  Sept.  10,  —0*05 ;  h.  w.,  Apr.  12,  12*20. 
Ih8-2,l.w.,  Nov. 8,  0.65;  h.w..  Mar. 27,  14*60. 

1883,  I.W.,  Oct. 4,  0*25;  h.w.,  Apr. 9,  14*95. 

1884, 1.  w.,  Dec.  2  and  5,  —005;  h.  w..  Mar.  18,  15*25. 
lhB\  1.  w.,  Oct.  24,  0*55  ;  h.  w.,  Jan.  22,  1«*20. 
18t/),  1.  w.,  Nov.  27,  —0-75 ;  h.  w..  May  31,  13*45. 


I 


CFB1M.J  AKD   TIIE   KOCKY   MOUNTAINS.  157 

Feet  above  the  sea 

lfl87,l.w  ,  Sept.  9,  —0*80;  li.  w.,  Apr.  6, 14.15. 

(Oct.  10-13,  1886,  a  great  storm  ou  the  Gnlf  coast  caused  the 
river  to  rise  at  Carrolltou  to  a  maximum  (Oct.  12)  3  feet 
above  ita  normal  level,  which  during  2  weeks  preceding  and 
the  week  following  was  about  1  foot  above  mean  tide.     The 
eame  storm  cansed  the  river  to  rise  at  Baton  Rouge  uenrly  4 
feet,  from  abont  2*5  to  6*3  feet  above  the  sea.) 
At  New  Orleans,  about  5  miles  below  Carrollton,  and  100  miles 
above  JPort  £ads,  at  the  mouth  of  the  Mississippi,  the  stages 
of  the  river  are  nearly  the  same  as  at  Carrollton.     In  the 
Report  of  the  Chief  Signal  Officer,  1846,  p.  168,  it  is  stated 
that  the  zero  of  the  gauge  at  New  Orleans  (marking  the  low      ' 
water  of  Dec.  30,  18t6)  is  1*50  feet  below  stM  level,  and  that 
the  extreme  high  water  of  1874  (to  which  the  city  system  of 
leveling  is  referred)  was  14 '67  feet  above  sea  level.     The 
range  is  thus  about  1  foot  less  than  at  Carrolltou,  or  approx- 
imately 16*50  feet. 
Depth  of  the  Mississippi  River  at  New  Orleans,  80  to  208  feet. 
A  letter  from  D.  M.  Brosuan,   city  surveyor  of  New  Orleans,  Aj}T, 
%  18-S8,  contains  tho  following  notes  from  leveling: 

Meso  sea  level 0*00 

Lowest  water  in  Lake  Pontcbartrain   — 1*65 

Highest  water  in  Lake  Pontohartraiu -f^'^^*^ 

Lowest  water  in  Mississippi  River — 0-77 

Highest  water  in  Mississippi  River,  1882 -f-1'^'33 

Ui);hest  water  in  Mississippi  River,  1874 -j-^*^'^^ 

"  No  data  are  at  hand  concerning  tides  in  Lake  Pontcbartrain. 
The  effect  of  tide  at  New  Orleans  in  the  river  is  about  3  inches/' 

RUM  RIVER. 

Mille  LacB,  mainly  10  to  25  feet  deep,  at  head  of  Rum  River,  ordi- 
nary stage,  1,251 ;  extreme  low  and  high  water 1249-1254 

(The  maximum  depth  of  Mille  Lacs,  in  its  southeast  part,  is 
about  100  feet.) 
Height  of  land  between  Mille  Lacs  and  Snake  River,  about  2^  miles 

floutbeast  from  the  lake  on  the  trail 1299 

Bum  River  at  Milaca,  12  miles  north  of  Princeton 1042 

Month  of  the  West  Branch,  at  Princeton 950 

Junction  with  the  Mississippi,  Anoka 8;>5 

ST.  CROIX  RIVER. 

This  and  the  Namekagon,  Kettle,  and  Snake  Rivers  are  from  leveling  by  United 
States  engineers,  under  the  direction  of  Mag.  Charles  J.  AUcu,  St.  Paul,  and  from  rail- 
road snrveya. 

Foet  above  the  sea. 

Springs  at  head  of  the  South  Branch  of  the  Bois  Bruld  River lOGS 

Springs  at  head  of  the  St.  Croix  River 1070 

(Tliese  springs  rise  in  the  same  marsh,  600  feet  apart,  the  Bois 
Brul^  River  running  north,  the  St.  Croix  sonth.  An  ancient 
'watercourse  exists  here,  about  a  mile  wide,  bordered  by 
drift  blufl's  75  feet  high,  with  their  crests  1,140  to  1,150  feet 
above  the  sea.  It  was  the  outlet  of  Lake  Superior  when 
the  receding  ice-sheet  on  the  northeast,  acting  as  a  barrier 
to  the  present  course  of  outflow,  held  this  lake  about  500 
feet  higner  than  now.) 

Upper  8t.  Croix  Lake 1011 

St.  Croix  River  at  Gordon 1006 

Saaie,  low  water,  above  and  below  the  '^  Big  Dam" 1005  and  1001 

8ame,  at  Moose  River  Rapids : 987 

Month  of  Namekagon  River 912 

Mouth  of  Yellow  River 692 

Mouth  of  Clam  River 870 

Head  of  Kettle  River  Rapids  (4  miles  long,  falling  49  feet) 858 

Month  of  Kettle  River,  west  of  the  **  Big  Island^' 82 1 

Footof  Kettle  River  Rapids 809 

Month  of  Snake  River 798 
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Feet  above  the  tea. 

At  bridge  of  the  Grantsbnrg  Branch,  St.  Paul  and  Dalnth  Railroad . .  775 

At  Rush  City  ferry 770 

Month  of  Sunrise  River 758 

Month  of  Trade  River 753 

Head  of  St.  Croix  Rapids  (6  miles  long,  falling  55  feet) 742 

Mouth  of  Big  Rock  Creek 726 

Foot  of  the  St.  Croix  Rapids,  at  the  lower  steamboat  lauding,  Tay- 
lor's Falls 687 

At  head  of  Rock  Island 685 

At  Osceola 683 

At  bridge  of  the  Minneapolis,  Sanlt  Ste.  Marie  and  Atlantic  Rail- 
way, bed, 670;  low  and  nigh  water 680-697 

Mouth  of  Apple  River 672 

At  bridge  of  the  Wisconsin  Central  Railroad,  bed,  666 ;  ordinary  low 

stage  of  w  ater,  676  ^  extreme  low  and  high  water 670-689 

Lake  St.  Croix  (maximnm  depth,  25  feet),  extreme  low  aud  high 

water,  667-687  ;  ordinary  stage 672 

Junction  with  the  Mississippi  River  at  Presoott 067 

NAMEKA60K  RIYER. 

At  railway  bridge,  2  miles  south  of  Phipps 1198 

At  Stinnett 1131 

At  Superior  Junction 1037 

Mouth  of  Totogatic  River  (before  the  dam  was  built  on  the  Name- 

kagon  River  1  mile  below  this  point) 918 

At  road  crossing  from  Grantsborg  to  the  *'Big  Dam"  of  the  St. 

Croix  River 914 

Junction  with  the  St.  Croix  River 912 

Elevations  of  the  Totogatic  River,  tributary  to  the  Namekagon, 
are  as  follows : 

Above  and  below  the  upper  dam,  Sec.  12,  T.  42,  R.  10 1242-1237 

At  bridge  of  the  Chicago,  St.  Paul,  Minneapolis  and  Omaha  Railway.  1010 

White  Fish  Lake 10;iO 

At  foot  of  dam  in  Sec.  13,  T.  42,  R.  13 975 

KETTLE  EIVEB. 

•At  bridge  of  the  Northern  Pacific  Railroad 1287 

At  Kettle  River  Station,  St.  Paul  and  Duluth  Railroad 1010 

At  the  St.  Paul,  Minneapolis  and  Manitoba  Railway  bridge,  near 

Sandstone,  between  the  Upper  and  Lower  Falls 955 

Junction  with  the  St.  Croix  River,  west  of  the  ** Big  Island'' 824 

SNAKE  BIYEB. 

At  bridge,  1  mile  below  the  mouth  of  Knife  River 958 

At  bridge  of  the  St.  Cloud  and  Hinckley  line  of  the  St.  Paul,  Min- 
neapolis and  Manitoba  Railway  945 

Month  of  Ann  River 943 

At  the  Brunswick  Bridge 941 

At  the  old  court-house,  about  a  mile  east  of  Brunswick 940 

Foot  of  Millett's  Rapids,  about  3  miles  east  of  Brunswick 937 

Cross  and  Poke^ama  Lakes,  as  flowed  by  the  Cheng  watana  dam,  and 
the  Snake  River  along  the  distance  of  16  miles  from  Millett's 

Rapids , 937 

Floor  of  first  gateway,  from  south  bank  of  river,  Cheng  watana  dam .  929 

Junction  with  the  St.  Croix  River 798 

CHIPPEWA  BIVER  AND  TRXBUTAMES  (WISCONSIN). 

[From  leTeling  by  XTnited  States  engineers,  nnder  the  direction  of  MsJ.  C.  J.  Alien,  St.  Pani,  and  from 

railroad  surveys.] 

Feet  above  the  sea. 

Crooked  Lake 1623 

Bowlder  Lake 1610 

Trout  Lake 1593 

Dole  Lake 1578 

Big  and  Little  Manitouish  Lakes ,..,,,.,.« 1575 
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Feet  above  the 

hlandLake 1577 

Big  Lake 1594 

Boand  Lake 1532 

SoaDd  Lake  dam,  top  of  gate  and  sill  of  large  sluiceway 1532*7-1528*2 

Fence  Lake 1563 

Crawling  Stooe,  Long,  Pokegama,  and  Flambeau  Lakes,  each 1562 

Best  Lake 1571 

Flambeaa  River  at  the  fork  of  Manitoaish  and  Bear  Crocks 1552 

Same,  at  month  of  Tnrtle  River 1525 

Same,  above  and  below  Muskalonge  Falls 1458-1446 

Bridge  of  Wisconsin  Central  Railroad,  Flambeau 1463*5 

Flambeau  River  here,  low  water 1445 

Bridge  of  Wisconsin  Central  Railroad,  Glidden 1522*5 

Chippewa  River  here,  low  and  high  water 1501>-15I6 

Same,near  center  of  Sec.  28.  T.41,R.3  W 1442 

Bear  Lake,  enlargement  of  the  Chippewa  River 1433 

Chippewa  River  above  and  below  dam,  1  mile  west  of  Bear  Lake. . .  1433-1429 

Same,  head  and  foot  of  Cedar  Rapids 1420-1404 

§ame,head  and  foot  of  Snap  Tail  Rapids 1368-1346 

On  the  West  Fork  of  Chippewa  Siver : 

Lostand  Cross  Lakes 1385 

Summer  Lake 1396 

Partridge  Crop  Lake 1385 

Moose  Lake 1362 

t^ater  above  and  below  the  dam  at  Moose  Lake 1362-1358 

West  Fork  of  Chippewa  River  at  mouth  of  Tea  River 1353 

Chief  Lake 1296 

Pokegama  Lake 1290 

Pa-kwa-wang  Lake 1286 

Hunter's  Lake 13*27 

Little  Chief  Lake 1325 

On  the  Conrtes  Oreillos  River : 

FbtLake 1320 

Sand  Lake 1301 

Fish  Lake 1289 

Island  Lake 1292 

Grindstone  Lake 1288 

Lac  Conrtes  Oreilles 1287 

Chippewa  River,  1  mile  east  of  Bruce,  low  and  high  water 106*2-1076 

At  bridj^e  of  the  Chicago,  St.  Panl,  Minneapolis  and  Omaha  Rail- 
way, Chippewa  Falls,  low  and  high  water 843-859 

At  Chippewa  Falls,  below  the  ferry  landing 792 

Head  and  foot  of  the  Upper  Dalles 788-778 

Same,  of  the  Lower  Dalles 763-756 

At  bridge  of  the  Chicago,  St.  Paul,  Minneapolis  and  Omaha  Rail- 
way, £au  Claire,  low  and  high  water 770-792 

Month  of  the  Eau  Claire  River,  £au  Claire,  low  water 751 

Month  of  Red  Cedar  River,  low  and  high  water 705-728 

At  Bnrand,  low  water 691 

At  ontlet  of  Dead  Lake,  low  water 684 

Junction  with  the  Mississippi  River,  opposite  to  Read's  Landing, 

low  and  high  water 663-682 

CROW  WING  RIVER. 

Shell  Lake,  at  head  of  Shell  River,  estimated 1425 

Leaf  Lakes,  at  head  of  Leaf  River,  estimated 1340 

Leaf  River  at  Bluffton 1305 

Crow  Wing  River  at  Motley 1208 

Junction  with  the  Mississippi  River  at  Crow  Wing 1145 

LONG  PRAIRIE  EIYEB. 

Lakes  Miltona  and  Ida,  also  Lakes  Andrews,  Mary,  and  Lobster, 

about 1400 

(The  maximum  depth  of  Lake  Miltona  is  about  80  feet.) 

LoDf  Prairie  River  above  Mill  Lake,  3  iiiles  northwest  of  Alez- 

Mdria 1349 
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Feet  aboTe  tho  sea. 

Lakes  Darlinf^,  Carlos,  and  Le  Homme  Dien,  about 1330 

(Tbe  maxiniam  depths  of  these  lakes  are  respectively  about  50, 
150,  and  75  feet,  according  to  soundings  by  Rev.  C.  M.  Terry.) 

At  I^ng  Prairie 1287 

At  bridge  of  the  St.  Paul  and  Northern  Pacific  Railroad 1227 

Junction  with  the  Crow  Wing  River,  near  Motley 1205 

At  the  head  of  Fish  Trap  Brook,  tributary  to  the  Long  Prairie 
River: 

Lake  Alexandria,  about 1275 

Fish  Trap  Lake 1273 

(These  lakes  are  probably  150  feet  deep,  or  moro,  as  reported 
by  lumbcrmeu.) 

SAUK  BIVEB. 

OsakisLake,  about 1310 

(The  mean  depth  of  this  lake  is  about  25  feet ;  and  its  maximum 
depths  in  the  northeast  part,  40-70. — C.  M.  Terry.) 

Sauk  River  at  Little  Sank 1240 

A  mile  below  Sauk  Center 1213 

Two  miles  west  of  Melrose • 1201 

Two  miles  east  of  Melrose 1172 

At  Richmond 1083 

At  Cold  Spring,  above  and  below  the  dam 1082-1075 

Four  miles  from  its  mouth 10:{5 

Junction  with  the  Mississippi,  Sauk  Rapids [)S8 

m 

CROW  EIVER. 

North  Fork  of  Crow  River  at  Lintonville 1207 

Same,  at  bridge  of  the  St.  Paul,  Minneapolis  and  Manitoba  Rail- 
way, 1^  miles  west  of  Paynesville 116G 

Same,  at  bridge  of  the  Minneapolis  and  Pacific  Railway.  Paynes- 
ville   1142 

Same,  at  bridge  of  the  Minneapolis  and  Pacitic  Railway,  3^  miles 

east  of  Paynesville 1118 

Lake  Koronis,  about 1105 

On  the  Middle  Fork  of  Crow  River : 

Nest  Lake 1162 

Green  Lake  (maximum  depth,  40  to  50  feet) 1154 

On  the  South  Fork  of  Crow  River : 

Grass  Lake,  Little  and  Big  Kandiyohi  Lakes,  and  Lake  Lillian, 

about 1125-1110 

(Tho  maximum  depths  of  these  lakes  are  7  to  12  feet.) 

Otter  Lake,  flowed  by  the  Hutchinson  dam,  about 1038 

At  bridge  of  the  branch  of  the  St.  Paul,  Minneapolis  and  Mani- 
toba Railway,  Huchinson  1026 

Month  of  Crane  Creek,  2  miles  east  of  Lester  Prairie 950 

At  Mayer 932 

Above  and  below  the  dam  at  Watertown 927-920 

At  Delano 910 

Confluence  of  the  North  and  South  Forks  of  Crow  River 901 

Crow  River  at  bridge  of  the  Clearwater  Branch,  St.  Paul,  Minne- 
apolis and  Manitoba  Railway^  5  miles  from  its  mouth 855 

Junction  with  the  Mississippi  River,  Dayton 639 

CANNON  KIVER. 

At  railroad  bridge  near  Lake  Dora 1040 

Lakes  Tetonka  and  Sakata,  Watervillo,  low  and  high  water 996-1002 

One  mile  west  of  Warsaw 977 

Cannon  Lake *.  ^)72 

Mouth  of  Str»ght  River,  Faribault,  low  and  high  water 956-962 

At  Northfield,  ordinary  stage  above  the  dam 902 

At  bridge  of  the  St.  Paul  and  Kansas  City  Railway,  Randolph 846 

At  Cannon  Falls,  pond  above  the  lower  dam 783 

Four  miles  above  Eagle  Mills 732 

At  Cannon  Junction 677 

Junction  with  the  Mississippi  River,  Red  Wing G65 
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ZUMBBO  BIYEB. 

Feet  above  the  sea. 

North  Branch  at  Kenyoa * 1071 

North  Middle   Branch   at   bridge  of  the  Chicago,  St.  Panl  and 

Kansaa  City  Railway 1156 

Same,  at  Pine  Island *. 984 

Same,  at  Oronoco 958 

SoQth  Middle  Branch  at  bridge  of  the  Cliicago,  St.  Paul  and  Kansas 

City  Railway 1174 

Same,  at  bridge  of  the  Chicago  and  Northwestern  Railway  hranch| 

New  Haven 906 

Soath  Branch  at  College  Street  Bridge,  Rochester 983 

Zoinbro  River  at  Midland  Junction 682 

Jonction  with  the  Mississippi  River,  near  Kellogg 657 

ROOT  RIVER 

North  Branch  at  High  Forest 1213 

Junction  of  North  and  South  Branches,  near  Lanesboro,  about....  780 

Jonction  with  the  Mississippi  River,  near  La  C rosse 626 

DBS  MOINES  RIVER. 

Soorcee  in  northwestern  Murray  County,  Minnesota •1800-1900 

LakeShetek,  about 1475 

Two  miles  north  of  the  north  end  of  Heron  Lake,  about 1375 

HerooLake 1406 

AtWindom 1334 

Two  miles  northwest  of  Jackson 1300 

The  following  lakes,  though  near  the  Des  Moines  River,  are  tribu- 
tary to  the  Little  Sioux  and  Missouri  Rivers : 

Spirit  Lake 1395 

Okoboji  Lakes 1390 

At  Esther ville 1254 

AtEmmetsburg,  about 1190 

Month  of  the  East  Fork 1047 

At  Fort  Dodge jl 1000 

AtMoingona '. 870 

At  Des  Moines 776 

AtEddyviUe 1 698 

Junction  with  the  Mississi  ppi  River,  near  Keok uk 476 

MINNESOTA  RIVER  SYSTEM. 

[FnaileTeliiig  by  United  States  eneineera.  under  the  directioD  of  Gon.  G.  K.  Warren  and  Mi\j.  C.  J. 

Allen,  and  from  railway  BurveyB^] 

MINNESOTA  BIYER. 

[The  elevatloiis  refer,  anleee  otiierwiae  noted,  to  the  atage  of  ordinary  low  water.] 

, .  _  Eeet  above  the  nea. 

At  Brown's  Valley 972*5 

Big  8toue  Lake  (maximum  depths,  15  to  30  feet),  low  and  high  water.  96^967 

Month  of  PommedeTerre  River 935 

I^Qoi  Parle  (maximum  depth,  12  feet) 926 

Month  of  Chippewa  River,  Montevideo 913 

Above  Granite  Falls 908 

BelowGraniteFalls.  low  and  high  water 870-«80 

Below  Minnesota  Falls 856 

Month  of  Yellow  Medicine  River 848 

Below  Patterson's  Rapids,  at  the  east  side  of  S  wede's  Forest 825 

Month  of  Redwood  River 818 

Al  Morton,  low  and  high  water 814-8:56 

AtFortRidgely 793 

AiKewUlm 784 

Month  of  the  Big  Cottonwood  River,  low  and  high  water 782-807 

AtJodson •  760 

Month  ofthe  nine  Earth  River 756 

BulL72 ^11 
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Feet  Above  the  eea. 

At  MankatOi  low  and  liip:h  water 752-778 

At  the  line  of  Blue  Eartb  and  Le  Snenr  CountieR,  aboat 743 

At  the  Winona  and  St.  Peter  (Chicago  and  Northwestern)  Railway 

bridge,  low  and  high  water 733-755 

At  East  St.  Peter 730 

At  Traverse  dea  Sioux 7t?6 

At  Ottawa 72:i 

At  Le  Snenr,  low  and  high  water 717-742 

At  East  Henderson,  low  and  high  water 711-738 

At  Henderson,  low  and  high  water 710-737 

At  Blakely  and  Faxon,  low  and  high  water 700-7*26 

At  Belie  Plaine,  low  and  high  water Gl)i)-72*i 

Crest  of  Little  Rapids,  low  and  high  water 092-718 

Foot  of  same,  low  and  high  water 690-718 

At  Hamilton,  low  and  high  water 689-715 

Junction  with  the  Mississiftpi  River  at  Fort  Snelling,  low  and  high 

water 628-710 

(The  last  30  miles  of  this  river,  from  Little  Rapids  to  its  month, 
are  held,  at  its  lowest  stage,  as  almost  level  backwater  by 
the  recent  alluvial  deposits  of  the  MlssiKsippi.  Because  of 
this  dam  across  the  mouth  of  the  Minnesota  River,  its  depth 
at  low  water  along  this  extent  of  30  miles  is  from  10  to  25  feet, 
quite  uniformly  averaging,  except  at  the  mouths  of  tribu- 
taries, about  20  feet.) 

POMMB  DE  TERRE  RIVER. 

AtParkdale 1226 

Lake  Christina  and  Pelican  Lake,  about 1215 

At  bridge  of  the  St.  Paul,  Minneapolis  and  Manitoba  Railway  line, 

from  Evansville  to  Tintah,  1  mile  south  of  Pomme  de  Torre  Lake.  -  1160 

At  bridge  of  the  Minneapolis  and  Pacitic  Railway 1147 

Cue  and  one-half  miles  east  of  Morris,  bed 1074 

Three  miles  farther  south 1068 

At  railway  bridge  2  miles  northeast  of  Appleton *•  1005 

At  Appleton  (St.  Paul,  Minneapolis  and  Manitoba  Railway  bridge).  983 

Same  (Chicago,  Milwaukee  and  St.  Paul  Railway  bridge) 978 

Junction  with  the  Minnesota  River. ? 9;}5 

CHIPPEWA  RIVER  (MINNESOTA). 

Two  miles  southeast  of  Evansville 1339 

At  bridge  of  the  Minneapolis  and  Pacific  Railway 1184 

AtCyrns IIIO 

Lake  Reno  (20  feet  deep),  about 1400 

Lake  Whipple  (maximum  dci^th,  85  feet),  low  and  high  water 1133-1137 

Lake  Emily,  about 1080 

Lakes  Villard  and  Amelia 1347 

East  Branch  of  the  Chippewa  River,  at  bridge  of  the  Minneapolis 

and  Pacific  Railway 1307 

Lake  Johanna,  about w 1200 

Mouth  of  the  East  Branch,  about 1025 

At  Benson .-..  1022 

Junction  with  the  Minnesota  River,  Montevideo 913 

LAC  QUI  PARLE  RIVER. 

West  Branch,  at  Dawson 1029 

Confluence  of  the  West  and  East  Branches,  about ;  1025 

Lake  Hendricks,  tributary  at  its  highest  stage  to  the  East  Branch, 

about 1750 

Junction  with  the  Minnesota  River 925 


YELLOW  MEDICINE  RIVER. 

Lake  Shaokatan,  tributary  at  its  highest  stage  to  this  river,  about. 

Yellow  Medicine  River,  at  Hanley  Falls 

Junction  with  the  Minnesota  River 

•  REDWOOD  RIVER. 

Lake  Benton 

AtMaraball,  aboat 


1750 
1017 

848 


1754 
1155 
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Feet  aboTo  the  son. 

Head  of  aeries  of  falls  at  Redwood  Falls 1)5:1 

Foot  of  same,  aboat '• 8r>G 

At  bndge  of  tbe  Minneapolis  and  St.  Louis  Rail  way 831 

Junction  with  the  Minnesota  River blH 

COTTONWOOD  RIVER. 

Sources  near  Balaton,  ahont IfiOO 

At  line  between  Lyon  and  Redwood  Counties,  about 1 120 

At  line  between  Redwood  and  Brown  Counties,  about KKiO 

At  Iberia,  al)ont 1)00 

Jukctiimwith  the  Minnesota  River 762 

BLUE  EARTH  RIVER. 

Union  Slongh.Iowa.  at  head  of  the  most  southern  branch  of  tlie 
Bine  Earth  River,  formerly  the  channel  of  a  rivor  tlowiu<;  to  the 
Emit  Fork  of  the  Dea  Moines  from  the  glacial  Lake  Minnesota  in 

the  Blae  Earth  and  Minnesota  Basins,  about 1150 

At  Blue  Earth  City 1049 

Tiro  miles  southwest  of  WinnebagQCity 1022 

At  Vernon  Center  and  Edgewood 941 

Junction  with  the  Minnesota  River  near  Mankato 756 

LE  SnEUR  RIVER. 

In  Sec.  33,  Oti8CO,LieSnenr  County 1117 

LakeKlysian,  about 1040 

At  line  between  Waseca  and  Blue  Earth  Counties,  about 1010 

At  railroad  bridge,  I  mile  south  from  the  Juuotion  of  the  Le  8iiour 

with  the  Blue  Earth  River 780 


MISSOURI  RIVER  SYSTEM. 

[From  the  MiSAonri  River  Commission,  and  from  railroad  sarveys.] 

\  MISSOURI  RIVER. 

[Ftcoi  leTdias  and  gaago  recordit  of  tho  Missoarl  River  Comminsion  in  roport  on  Stagea  of  the  Mia- 
aonri  Rirer  from  St.  Charles,  Ho.,  to  Fort  Pierre.  Dak.,  1886  (therein  referred  to  tho  St.  Louis  di- 
rectrix), and  from  railroad  sarveys.] 

Feet  above  tbe  sea. 
JonctioQ  of  the  Jefferson,  Madison,  and  Gallatin  Rivers,  forming 

tbe  Missouri  River,  at  Gallatin,  Mont. ,  very  nearly 4000 

AtTownsend,  Mont.,low^  water 3793 

Moatli  of  Sunrise  River,  low  and  high  water 3299-3306 

At  Great  Falls,  St.  Paul,  Minneapolis  and  Manitoba  Railway  bridge, 
head  of  succession  of  falls  extending  IH  miles,  reported  to  amount 

in  total  to  512  feet,  low  and  high  water 3295-3302 

Mooth  of  Portage  River  (Highwood  Creek),  foot  of  this  series  of 

falUandof  portage  18  miles  long 2783 

At  Fort  Benton,  ordinary  low  water,  about 2565 

Moath  of  Marias  River,  low  and  high  water,  about..... 2545-2560 

Moqthof  Milk  River,low  and  high  water,about 2020-2040 

Mooth  of  Poplar  River,  low  and  high  water 1935-1952 

Mooth  of  the  Yellowstone  River,  at  Fort  Buford,  low  and  high 

water.abont 1855-1875 

At  WillistOD,  1  mile  above  the  mouth  of  Little  Muddy  Creek  (North 

Dakou),  low  and  high  water 18-25-18-18 

Moath  of  the  Little  Missouri  River,  about 1740 

At  Biituiarck,  N.  Dak.,  low  water,  1,618 ;  ordinary  high  water,  1,63S ; 

extreme  high  water.  Mar.  31, 1881,  and  Mar.  li)^24, 1887, 1,646 1618-1646 

Mooth  of  the  Cheyenne  River,  about 1460 

At  Fort  Pierre,  S.  Dak.  (gauge  at  mouth  of  Bad  River),  low  water 

[about  1  foot  above  extreme  low  water],  Nov.  29, 1H82 1413'80 

[At  Pierre  (opposite  to  Fort  Pierre),  extreme  low  and  high  water, 
according  to  the  survey  of  the  Chicago  and  Northwestern  Rail- 
way   1426-1445] 

At  Chamberlain,  S.  Dak.,  low  water,  Nov.  30, 1882, 1,324*30 ;  extreme 

low  water 1323 

At  Byoa  HiUs,  S.  Dak.,  low  water,  Nov.  30, 1882 1281-10 


164 


ALTITUDES   BETWEEN   LAKE   SUPERIOR 


[BUU..71 


Feet  alw«  (he  sea. 

At  Fort  Raiidall,S.Dak.,lowwateTyNoY.26, 1881,1)236*30;  Dec.  2^ 

1882 1236-90 

Mouth  of  the  Niobrara  River,  extreme  low  water,  about 1205 

At  Running  Water,  S.  Dak., low  water,  Nov.  18-30, 1881, 1,203-.'K); 

extreme  low  water,  about 1202*50 

At  Yankton,  S.  Dak.,  low  water,  Nov.  24, 1881 1160-76 

From  notes  furnished  by  E.  D.  Pahner,  city  engineer,  and 
from  railway  profiles,  the  following  elevations  in  Yankton  are 
obtained : 

Chicago  and  Northwestern  depot 1206 

Chicago,  Milwaukee  and  SK  Paul  depot 1196 

Missouri  River,  extreme  low  water,  auout  1,157;  extreme  high  water, 

April,  1881, 1,198 1157-1198 

(This  maximum  range  of  41  feet,  considerably  exceeding  that 
of  other  portions  of  the  river  above  and  below  Yankton,  is 
caused  by  the  accumulation  of  gorged  ice  during  the  spring  — ' 

flood  at  the  bend  8  miles  farther  east,  just  below  the  mouth 
of  the  James  River.  Mr.  Palmer  states  that  the  ice  of  the 
Missouri  seldom  or  never  breaks  up  in  spring  without  be- 
coming gorged  at  that  sharp  bend,  raising  the  flood  at  Yank- 
ton above  its  normal  height.) 
Mouth  of  the  James  or  Dakota  River,  extreme  low  and  high  water, 

about 1150-1195 

At  Vermilion,  8.  Dak.,  low  water,  Nov.  22, 1880, 1,131.00 ;  high  water. 

Mar.  26, 1881, 1,143-60 1131-114300 

(Because  of  a  cut-off  made  by  the  Missouri  River  during  the 
nnusually  high  flood  of  the  sprihg  of  1881,  this  station  was 
left  about  3  miles  from  its  present  channel,  the  mouth  of  the 
Vermilion  River  being  thus  changed  from  Vermilion  to  near 
Butler's  Landing. ) 
At  Butler's  Landing,  about  5  miles  south  of  Vermilion,  S.  Dak.,  low 

water, Dec. 24, 1881, 1,125-60;  high  water, Apr. 27, 1881, 1,136-00..  1125*60-1136 

Mouth  of  the  Big  Sioux  River,  extreme  low  and  high  wat«r,  about.  1080-11U2 

At  Sioux  City,  Iowa,  extreme  low  and  high  water,  1879  to  1885 

(range,  22-50  feet) 1076-50-1099 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 

1879  to  1885  were  as  follows: 
1879, 1.  w.,  Dec.  5, 107830 ;  h.  w..  Apr.  7, 1092. 
1880, 1.  w.,  Jan.  1, 15.  and  26, 107940 ;  h.  w.,  July  7  and  19, 1090-50. 
1881, 1.  w.,  Dec.  6, 1077-50 ;  h.  w.,  Apr.  23, 1099. 
1882, 1.  w.,  Dec.  4. 1076-50 ;  h.  w.,  June  27, 108990. 
1883, 1.  w.,  Dec.  6, 1076-80 ;  h.  w..  July  9, 1090. 
1884, 1,  w.,  Jan.  1, 107810 ;  h.  w.,  Apr.  4, 1092-40. 
1885, 1.  w.,  Dec.  16, 1081-51 ;  h.  w.,  June  15, 1091-68. 
At  Decatur,  Nebr.,  range,  1850  feet;  low  water,  Nov.  20-26,  1881, 

10.32-70 ;  high  water,  Apr.  25, 1H81, 1051-20 1032-70-1051-20 

At  Blair,  Nebr.  (gauge  at  old  transfer  landing),  range,  20*70  feet; 
low  water,  Nov.  23,  1880,  986-10;   high  water,  Apr.  24,  1881, 

1006-80 98610-1006-80 

•  At  Omaha,  Nebr.,  extreme  low  and  high  water,  1873  to  1885  (range, 

22-10  feet) 960-30-982*40 

The  lowest  and  highest  stages  of  the  river  here  daring  the  years 

1873  to  1885  were  as  follows : 
1873, 1.  w.,  Doc.  2, 960-30 ;  h.  w.,  July  4, 974-80. 
1874, 1.  w.,  Nov.  21, 960-90 ;  h.  w.,  June  15-18, 971-40, 
1875, 1.  w.,  Nov.  1, 96000 ;  h.  w.,  Apr.  28, 97660. 
1H76, 1.  w.,  Nov.  20, 960-60 ;  h.  w.,  June  21, 973-60. 
1877, 1.  w., Dec. 20, 96270 ;  h.  w.,  June  13, 975-90. 
1878, 1.  w.,  .Ian.  4, 96350 ;  h.  w.,  June  25, 976-40. 
1«79, 1.  w., Nov.  30, 96310 ;  h.  w.,  June  -28, 975*80. 
1880, 1.  w.,  Jan.  -27, 962*70 ;  h.  w.,  July  1, 975-10. 
1881, 1.  w.,  Nov.  25, 962-60 ;  h.  w..  Apr.  24. 982-40. 
1882, 1.  w.,  Dec.  6, 961-40 ;  h.  w.,  June  28, 973-20. 
1883, 1.  w.,  Dec.  20, 961*50 ;  h.  w.,  Julv  11, 972-80. 
1884, 1.  w.,  Dec.  15, 962-80 ;  h.  w.,  Apr.  6, 975-60. 
1885, 1.  w.,  Dec.  8, 961-63 ;  h.  w.,  June  17, 974-06. 

Month  of  the  Platte  River,  extreme  low  and  high  water,  about ....  941-961 

At  Plattsmouth,  Nebr.,  extreme  low  and  high  water,  1873  to  1885 
(range,  20-50  feet) 939*60-960*10 
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The  lowest  and  highest  stages  of  the  river  here  during  the  years 

,  1873  to  18S5  were  as  follows : 

18T3,  L  w.,  Dec.  6, 94080 ;  h.  w.,  July  3,  957-30. 

1874, 1.  w.,  Nov.  25  and  Deo.  19, 94010 ;  h.  w.,  June  16, 953. 

Id75, 1.  w.,  Nov. 5W,  94010 ;  h.  w.,  Apr. 2ri, 954-10. 

1876,  Lw.,  Feb.  1  and  Mar.  2,  940*60;   h.  w.,  Jane  21  and  Jnly  4, 

952-80. 
lOT,  1.  w..  Mar.  9, 940-20 ;  h.  w.,  June  13,  954-70. 
1878, 1.  w.,  Jan.  8, 940-10 ;  h.  w.,  Jiyie  25,  954-90. 
1879, 1.  w.,  Dec.  9  and  12, 941-20 ;  h.  w.,  June  37,  953-20. 

1880,  Lw.,  Mar.  15,  939*60;  h.  w.,  Jnly  8,  953-90. 

1881,  L  w.,  Nov.  25,  943-30 ;  h.  w.,  Apr.  25, 96010. 

1882,  L  w.,  Feb.  22, 940-60 ;  h.  w.,  June  29,  953*90.  ^ 
1883, 1.  w.,  Dec.  25. 940-10 ;  h.  w.,  June  28,  954*60. 

1»^,  L  w.,  Dec.  20. 942*50 ;  h.  w.,  Apr.  6, 954*60 

1*S.  1.  w.,  Dec. 9, 941-86 ;  h.  w.,  June  17, 955*06. 

At  Nebraska  Citv,  Nebr.,  extreme  low  and  high  water,  1879  to  1885 

(rauge,  14-60  feet) 907*50-922-10 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 

1K79  to  1885  were  as  follows : 
1879, 1.  w.,  Dec.  11, 907-70 ;  h.  w.,  June  28,  919-70. 
1880,  L  w.,  Jan.  29  and  Mar.  1, 908-90 ;  h.  w.,  July  9, 918-10. 
1881, 1.  w.,  Dec.  17, 909*60 ;  h.  w.,  Apr.  27, 922-10. 
1882, 1.  w.,  Jan.  4, 907-50 ;  h.  w.,  June  30, 918-30. 
1883, 1.  w.,  Dec.  1, 908-70 ;  h.  w.,  June  28,  919*70. 

1884,  L  w.,  Dec.  16, 908 ;  h.  w.,  Apr.  7, 9-20*80. 

1885,  L  w.,  Dec.  10, 907-86 ;  h.  w.,  June  17, 9*20-06. 

At  Brownsville,  Nebr.,  extreme  low  and  high  water,  1881  to  1885 

(range,  19-50  feet) 87510-894-60 

The  lowest  and  highest  stages  of  the  river  here  during  tbe  years 

1881  to  1885  were  as  follows: 
1881, 1.W.,  Nov.  25,  878*70;  h.  w.,  Apr.  26, 894*60. 
1*«,  I.  w.,  Dec.  9, 87510 ;  h.  w.*,  June  30, 890*40. 
1883, 1.  w.,  Dec. 29, 877*60 ;  h.  w.,  June  24, 891*10. 
1884, 1.  w.,  Dec.  18, 877 ;  h.  w.,  Apr.  8, 891-60. 
1*©,  1.  w.,  Dec. 8, 87903;  h. w.,  June  17,^90*23.- 
At  White  Cloud,  Kans.,  extreme  low  and  high  water,  1881  to  1885 

(range,  22*81  feet) 828*70-851-51 

Tbe  lowest  and  highest  stages  of  the  river  here  during  the  years 

1881  to  1885  were  as  follows : 
1881, 1.  w.,  Dec.  31, 832-70;  h.w.,  Apr. 28, 851*51. 
iHfefi,  1.  w.,  Dec.  6, 832 ;  h.  w.,  July  1, 847-40. 
1883,  L  w.,  Dec.  21, 831*20 ;  h.  w.,  June  24, 849*60. 
18^,  1.  w.,  Dec.  18, 828*70 ;  h.  w.,  June  23, 848*70. 
1885, 1. w.,  Dec.  10. 830-18 ;  h. w., June  17, 84826. 
At  St.  Joseph,  Mo.,  extreme  low  and  high  water,  1872  to  1885  (range, 

26  feet) 790-816 

Tbe  lowest  and  highest  stages  of  the  river  here  during  the  years 

1872  to  1885  wore  as  follows : 

1872,  I.  w.,  Nov. 29, 790*20 ;  h.  w.,  June  26-29  and  July  3, 804-70. 

1873,  L  w.,  Dec.9-12,790;  h.w.,  July  5,809. 
1874, 1.  w.,  Jan.  6, 791-20 ;  b.  w.,  June  17, 805*80. 
1H7.5,  1.  w.,  Jan.  2, 792 ;  h.  w.,  Apr.  -29, 808*50. 

1876,  L  w.,  Feb.  6, 792-70 ;  b.  w.,  July  5, 807*80. 

1877,  1.  w.,  Dec.  1,795*40:  h.  w.,  June  14,809-90. 

1878,  1.  w.,  Dec.  22, 793*70 ;  h.  w.,  July  2, 810*60. 

1879,  1.  w.,  Dec.  17, 791.50 ;  h.  w.,  June  30, 808*60. 
I8r«,  1.  w.,  Nov.  28, 793-30 ;  h.  w.,  July  10, 807*90. 

1881,  1.  w.,  Nov.  23  and  Dec.  31, 796 ;  b.  w.,  Apr.  29, 816. 

1882,  1.  w.,  Deo.  13, 790-20 ;  h.  w.,  June  30  and  July  2, 809. 

1883,  I.W.,  Dec.  26, 791-20;  h.w.,  June  26,811-60. 
1884, 1.  w.,  Jan.  1, 791-80 ;  h.  w.,  Apr.  7, 808*30. 
1885,"  L  w.,  Dec.  23, 794-86 ;  h.  w.,  June  18, 808. 

At  Atchison,  Kans.,  extreme  low  and  high  water,  1879  to  1885  (range,  . 

24-20  feet) -  765-789-20 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 

1879  to  1885  were  as  follows:   . 
1879,  L  w.,  Feb.  11, 769*10;  h.  w.,  June  30, 782-50. 
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1830, 1.  w.,  Nov.  27, 765-80 ;  h.  w.,  Jnly  10, 781-90. 
1881, 1.  w.,  Nov.  26, 767-80 ;  h.  w.,  Apr.  29, 7«)-20. 
1882,  1.  w.,  Dec.  9-12, 765-60 ;  h.  w.,  July  2, 781-80. 
1883, 1.  w.,  Dec.  30, 765 ;  h.  w..  Jane  26, 784-10. 
1884, 1.  w.,  Jan.  1, 765-30 ;  h.  w.,  Apr.  9, 782. 
1885, 1.  w.,  Dec. 24, 767-36 ;  h.  w.,  Jnno  18, 78201. 
At  Fort  Leavenworth,  Kane.,  extreme  low  and  high  water,  1^72  to 

1881  (range,  26  20  feet) 743-2&-7G9-48 

The  lowest  and  highest  recorded  stages  of  the  rivQrhere  during  the 

years  1872  to  1881  were  as  follows :    • 
187-2, 1.  w.,  Dec.  4, 74412 ;  h.  w.,  July  14, 75912. 
1873, 1.  w.,  Dec.  10, 744-53 ;  h.  w..  July  5, 761-80. 
1874,1.  w.,  Jan.  6, 744  36;  h.w.,June  19,758-63. 
1875, 1.  w.,  Jan.  1, 744-73 ;  h.  w.,  Apr.  30, 760-43. 
1876, 1.  w.,  Dec.  6, 744-78 ;  h.  w.,  July  6, 759-43. 
1877, 1.  w., Dec.  2, 746*43 ;  h.  w.,  June  13, 76193. 

(The  low  water  of  Dec.  18, 1877,  was  not  recorded.) 
1878, 1.  w.,  Jan.  10, 745-13 ;  h.  w.,  July  2, 761-68. 
1879, 1.  w.,  Dec.  18, 745-48 ;  h.  w.,  June  30, 75953. 
18S0, 1.  w.,  Nov.  26, 743-28 ;  h.  w.,  July .11, 759-23. 

(The  record  at  Leavenworth  does  not  note  the  stage  of  nn- 
usually  low  water  Nov.  26, 1880.) 
1881, 1.  w.,  Feb.  5, 748-43 ;  h.  w.,  Apr. 29, 769-48. 
At  Leavenworth,  Kans.,  extreme  low  and  high  water,  1873  to  1885 

(range,  23-80  feet) 741-80-765-60 

The  lowest  and  highest  recorded  stages  of  the  river  here  during  the 

years  1873  to  1885  were  as  follows : 
1873, 1.  w.,  Dec.  9, 741->-0 ;  h.  w.,  July  5, 75960. 
1874,1.  w..  Jan.  6,741-80;  h.w.,June  17,756-30. 
1875, 1.  w.,  Jan.  1, 743 ;  h.  w.,  Apr.  29,  75780. 
1876, 1.  w.,  Jan  26  and  30,  744-80 ;  h.  w.,  Jnly  6,  757-30. 

(The  low  water  of  Dec.  6,  1876,  was  not  recorded.) 
1877,1.  w.,Dec.  18,744-70;  h.  w.,  June  13,  760-50. 
1878, 1.  w.,  Jan.  10,  744-40 ;  h.  w.,  July  2,  759-30. 
1879, 1.  w.,  Mar.  1,  744-20 ;  h.  w.,  June  27  and  30,  757-20. 

(The  low  water  of  Dec.  18,  1879;  was  not  recorded.) 
1880, 1.  w.,  Feb.  3  and  8,  743-60;  h.  w.,  July  15,  756-80. 
1881, 1.  w.,  Jan.  1,  745-80 ;  h.  w.,  Apr.  29,  7&5'60. 
1882,  L  w.,  Dec.  15,  742-20 ;  h.  w.,  July  2,  758-90. 
1883. 1.  w.,  Dec.  26,  743-30 ;  h.  yc,  June  26, 762-30. 
1884, 1.  w.,  Dec.  29,  745-40;  h.  w.,  June  24,  758-70. 
1885, 1.W.,  Dec.  10, 744-86;  h.w.,  June  19,  759-24. 

Mouth  of  the  Kansas  River,  extreme  low  and  high  water,  about ..  .  718-745 

At  Kansas  City,  Mo.,  extreme  low  and  high  water,  1873  to  1885 

(range,  27-55  feet) 716-1&-743-73 

[Same,  high  water,  1844  (36  feet  above  extreme  low  water), 
752,  accordiuj^  to  Gannett's  Dictionary  of  Altitudes.] 
The  lowest  and  highest  stages  of  the  river  here  during  the  years 

1873  to  1885  were  as  follows : 
1873, 1.  w.,  Dec.  30,  719-20 ;  h.  w.,  June  25  and  July  5,  735-70. 
1874, 1,  w.,  Jan.  6,  716-70 ;  h.  w.,  June  18,  73-^-60. 
1875, 1.  w.,  Jan. 2,  71845  ;  h.  w.,  Apr. 30,  734-28. 
1876, 1.  w.,  Dec.  9,  718-77 ;  h.  w.,  Apr.  17  and  June  14,  733-87. 
1877, 1.  w..  Dec.  17,  720-56 ;  h.  w.,  June  10,  738-62. 
1878, 1.  w.,  Jan.  12,  72024 ;  h.  w.,  July  2,  736-24. 
1879, 1.  w.,  Feb.  28,  719-51 ;  h.  w.,  June  30.  735-43. 
1880,1. w.,  Nov. 25,  71803;  h.w.,  July  12-15,  733-03. 
1881,1. w,,  Feb. 21,  720-78;  h.w.,  Apr. 30,  743-73. 
1882, 1.  w.,  Feb.  24.  717-63  ;  h.  w.,  July  3,  736-38. 
1883. 1.  w.,  Dec.  31,  71701 ;  h.  w.,  June  26,  740-46. 
1884. 1.  w.,  Jan.  1,  71618 ;  h.  w.,  June  24,  735-31. 
1885, 1.  w.,  Dec.  9,  718-66 ;  h.  w.,  June  19,  735-60. 
At  Missouri  City,  Mo.,  low  water,    Dec.  25,  1878,  694-80;    high 

water,  June  30,  1879,  712-a'> 694-80-712-85 

At  Camden,  Mo.,  low  water,  Dec.  21-24,  1878,  678*50;  high  water, 

June  30,  1879,  69350 678-50-693-50 

At  Lexington,  Mo.,  extreme  low  and  high  water,  1873  to  1885 

(range,  25-20  feet) 664-10-689-30 
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Thfi  lowest  and  highest  stages  of  the  river  here  dariug  the  years 

1873  to  1835  were  aa  follows :  ^ 

1873, 1.  w.,  Nov.  19-22,  668-60 ;  li.  w.,  July  7,  682-20. 
1874, 1. w., Dec. :U,  66660;  h.  w.,  June  19,  679-20. 
1875,1.  w.,  January,  606-30:  h.  w.,  May  1,  660tf0. 
1876, 1,  w.,  Jan.  17  and  Feb.  2-7,  also  Dec.  6-12  and  26-31,667*30; 

b.w,  June  16,681.10. 
1877, 1.  w.,  Jan.  1-2H,  667-30 ;  h.  w.,  June  11,  684*60. 
1878.1.  w.,  Dec.  28,  668*90;  h.  w.,  July  4,  683*70. 
1879,1.  w.,  Dec.  20,  66760;  h.  w.,  Juno  30,  682*70. 
18^, I. w.,  Dec. 30,  666-70;  h.  w.,  Apr. 9,  67920. 
1881, 1.  w.,  Feb.  4,  667 ;  h.  w.,  May  1,  689*30. 
1882,  l.w.,  Dec.  12,  664*10;  b.  w.,  July  3.  680*90. 
IBSl.  1.  w.,  Jan.  3,  664  70 ;  h.  w.,  June  27,  685-80. 
IKHl,  1.  w.,  Jan.  2,  665-60  :  h.  w.,  Apr.  10,  680*90. 
l-H'),  1.  w.,  Dec.  18,  665-03 :  h.  w.,  Mar.  8,  685*91. 
At  Waverly,  Mo.,  low  and  high  water,  1878  and  1883  to  1885  (rango, 

•24-06  feet) 

Recorded  stages  of  low  and  high  water  here  were  as  follows  : 

1878, 1.W.,  Dec.  21,  645;  1879,  h.w.,  June  30,660-70. 

I»-3J.  w.,  Jan.  3.  645-31 ;  b.  w.,  June  27.  66511. 

1884,1.  w.,  Dec.  25,  647*51 ;  h.  w.,  June  25,  661-71. 

ltt«j,  1.  w.,  Dec.  17,  646*41 ;  b.  w.,  Mar.  13,  669*06. 

At  Miami,  Mo.,  low  water,  Feb.  11,  1879,  622*41;  high  water,  June 

28  and  July  1,  1879,640-21 

At  De  Witt,  Mo.,  low  and  high  water,  1883  to  18^5  (rango,  23*20 

feet) - 

The  lowest  and  highest  stages  of  the  river  hero  daring  the  years 

1883  to  1885  were  as  follows : 
1883, 1.  w.,  Jan.  6  and  Dec.  31,  616*41 ;  h.  w.,  Juno  27,  636-81. 
1?^.  1.  w.,  Dec.  20,  613-61 ;  h.  w.,  Apr.  10,  632*41. 
18^.1.  w.,  Dec.  15,  616-31 ;  b.  w.,  June  20,  63313. 
At  New  Frankfort,  Mo.,  low  water,  Mar.  3, 1879, 602-48 ;  high  water, 

July  1,  1879,615-53 

At  Glasgow,  Mo.,  extreme  low  and  high  water,  1879  to  1885  (range, 

24-91  feet) 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 

1879  to  1885  were  as  follows : 
1879, 1.  w.,  Dec.  20,  590*56 ;  h.  w.,  July  1,  607*72. 
1880,1. w..  Mar. 21,  591*16:  h.w.,  July  13,  604*68. 
1881,  L  w.,  Jan.  2,  591*43 ;  h.  w..  May  3,  614  08. 
1>^,  I.  w.,  Dec.  30,  592*51 ;  h.  w.,  July  2,  611-43. 
1883,1.  w.,  Dec.  31,591-33;  b.  w.,  June  23,  615-47. 
1?*4,1.  w.,  Jan.  1,  591*12 ;  h.  w.,  Apr.  10,  607*40. 
18r5, 1,  w.j  Dec.  15, 591*89 ;  b.  w.,  June  22, 60908. 
At  Boon ville,  Mo., extreme  low  and  high  water,  1874  to  1885  (range, 

23-22  feet) 

Same,  high  water,  1844 

The  lowest  and  bij^hest  stages  of  the  river  here  during  the  years 

1874  to  1885  were  as  follows : 
1874, 1.  w.,  Dec.  31,  564-90 ;  h.  w.,  June  19,  577-31. 
1875, 1.  w.,  Jan.  1,  564*90 ;  b.  w.,  July  8,  584-86. 
1876. 1. w.,  Feb. 7,  56753 ;  h.  w.,  May  8,  583-20. 
1877, 1.  w.,  Jan.  1,  569-61 ;  b.  w.,  June  13,  585-20. 
1878,1.  w.,  Dec.  24,  567-50;  h.w.,  July  6,  582-45. 
1879, 1.  w.,  Feb.  17,  568-20 ;  b.  w.,  July  1,  583-20. 
1880, 1.  w.,  Dec.  11,  567-95 ;  b.  w.,  July  13,  580*45. 
1881, 1-  w.,  Jan.  and  Feb.,  570-29 ;  h.  w.,  May  3,  588*12. 
1882, 1.  w.,  Dec.  18,  566*11 ;  h.  w.,  July  2,  585*69. 
1883, 1.  w.,  Jan.  7,  566*53 ;  b.  w.,  June  23,  588-10. 
1884, 1.  w.,  Jan.  9,  569-49 ;  b.  w.,  Apr.  10,  58059 
18»>,  I. w.,  Dec.  18,  568-41 ;  h.w.,  June  22,  583*41. 
At  Providence,  Mo.,  low  water,  Dec.  28,  1878,  545*21 ;  high  water, 

Jnly  1,  1879,561-31 

At  Jefferson  City  and  Cedar  City,  Mo.,  extreme  low  and  high  water, 

1878  to  1885(range,  22*66 feet) 

[Same,  high  water,  Jnly,  1844  (30-83  feet  above  extreme  low 
water),  554*02,  according  to  Proceedings  of  the  Academy  of 
Science,  St.lioni8,  Transactions,  vol.4,  p.xvii.] 


645-66906 


622-41-640*21 
613*61-636*81 


602-48-615-53 
590*56-615-47 


564-90-588*12 
597*50 


545-21-561'31 
52319-545-85 
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Recorded  stafres  of  low  and  high  water  here  from  1878  to  1885  were 

as  follows :  ^ 

1878, 1.  w.,  Dec.  20,  523*19. 

1679, 1.  w.,  Jan.  11  and  Mar.  3,  524-28 ;  h.  w.,  June  28,  538*27. 
1880, 1.  w.,  Dec.  31,  524-18. 
1881, 1.  w.,  Jan.  1,  524-68 ;  h.  w..  May  4,  545-85. 
1882, 1.  w.,  Dec.  19,  524;72 ;  h.  w.,  July  2,  543*70. 
1883, 1.  w.,  Jan.  11,  52380 ;  h.  w.,  June  23,  545-73. 
1884, 1.  w.,  Jan.  3,  523*28 ;  h.  w.,  July  16,  538*91. 
1885, 1.  w.,  Dec.  15,  524*36 ;  h.  w.,  June  21,  540-46. 
At  Fisher's  Landing,  Mo.,  low  water,  Dec.  23,  1878,  502-18;  high 

water,  July  2,  1879,517-23 502.16-517-23 

At  Hermann,  Mo.,  extreme  low  and  high  water,  1873  to  1885  (range, 

25-33  feet) 479-92-505-25 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 

1873  to  1885  were  as  follows: 
1873, 1.  w.,  Deo.  31, 484 ;  h.  w.,  June  10,  496-67. 
1874, 1.  w.,  Jan.  21, 482*92 ;  h.  w.,  June  19,  497-34. 
1875, 1.  w.,  Jan.  5.  483-25 ;  h.  w.,  Aug.  1,  502-75. 
1876, 1.  w.,  Dec.  9,  484 ;  h.  w.,  July  6,  503-67. 
1877, 1.  w.,  Oct.  13,  487-17 ;  h.  w.,  June  13,  503*25. 
1878, 1.  w.,  Dec.  21,  479-92 ;  h.  w.,  July  5,  499-25. 
1879, 1,  w.,  Dec.  22,  484*09,-  h.w.,  June  29,  500*25. 
1880, 1.  w.,  Dec.  6,  484*09 ;  h.  w.,  July  15,  497-50. 
1881,1.  w.,  Jan.  28,  486  09;  h.w.,  May  4,  504-50. 
1882, 1.  w.,  Deo.  17,  481*42 ;  h.  w.,  July  3,  50301. 
1883, 1.  w.,  Jan.  9,  482*25 ;  h.  w.,  June  24,  505-25. 
1884, 1,  w.,  Jan.  4,  484-59 :  h.  w..  May  6,  498*92. 
1865, 1.  w.,  Jan.  28,  486*71 ;  h.  w.,  June  16,  503-01. 
At  Washington,  Mo.,  low  water,  Feb.  21, 1879, 458-01 ;  high  water, 

July  2, 1879, 474*08 458*01-474-08 

At  Cottleville  Landing,  Mo.,  low  water,  Dec.  27,1878,  437-02;  high 

water,  July  3, 1879,  451-86 437*02-451-86 

At  St.  Charles.  Mo.,  extreme  low  and  high  water,  1879  to  1885  (range, 

26*82  feet) 416-1&-442-98 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 

1&79  to  1885  were  as  follows : 
(1878, 1.  w.,  Dec.  25, 416*73.) 
1879, 1.  w.,  Dec.  -i6, 416*16 ;  h.  w.,  July  3, 436*35. 
1880, 1.  w., Dec.  12, 416-28 ;  h.  w.,  July  14,  43295. 
1881, 1.  w.,  Jan.  1, 418*73 ;  h.  w.,  May  5, 441*39. 
188-2, 1.  w.,  Dec.  19, 416*36 ;  h.  w..  July  4, 438-74. 
1883, 1.  w.,  Jan.  10, 416*36  ;  h.  w.,  June  24, 442-9& 
1884, 1.W., Jan. 4, 416*66;  h.w., July  17, 434 -4L 
1885, 1.  w.,  Dec.  18, 417-71 ;  h.  w.,  June  22, 437-28. 
At  Jamestown  Landing,  Mo.,  about  6  miles  above  the  month  of  the 

river,  low  water,  Dec.  24, 1878,  403*43;  high  water,  July  3,  1879, 

418  14 403*43-41814 

Junction  with  the  Mississippi  River,  extreme  low  and  high  water, 

approximately , 395-435 

(St.  Louis  directrix,  412*71  feet  above  mean  tide  in  the  Gulf  of 
Mexico  at  Biloxi,  Miss.) 

MILK  RIVER. 

[At  bridges  of  the  St  Pani,  Minneapolis  and  Maaitobft  Railway,  low  water.] 

Three  and  3|  miles  west  of  Yantic,  about 2425 

Two  miles  east  of  Yantic 2406 

At  Malta,  low  and  high  water 2220-2239 

Two  miles  west  of  Glasgow,  about 2055 

Junction  with  the  Missouri  River,  low  and  high  water,  about....  2020-2040 

CHEYENKB  RIVER. 

South  Fork  at  bridge  of  the  Fremont,  Elkhorn  and  Missouri  Valley 
Railroad,  Black  Hills  Branch 2918 

Junction  of  the  North  and  South  Forks  (according  to  Newton  and 
Jeuney) 2470 

Junction  with  the  Missouri  River,  about 1460 
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At  New  Rockford 1502 

Arrow  Wood  Lake,  aboat 1440 

Jim  Lake,  about 1435 

At  Jamestown.... 1382 

At  Montpelier 1334 

At  Grand  Rapids 1298 

AtLaMonr« 1289 

Lake  Colanibia,  nearly  30  milea  long  (also  called  Saud  Lake;  the 

Chedi  and  Tcban-cbicabah  Lakes  of  Nicollet) 1286 

At  foot  of  tbe  Columbia  dam 1276 

At  bridge  of  Aberdeen  Brancb,  St.  Paul,  Minneaiiolis  and  Manitoba 

Railway 1272 

Three  niifes  east  of  Batb 1269 

At  Frankfort 1240 

At  Huron,  low  and  higb  water • ^. 1227-1245 

AtForestburg 1213 

Month  of  Firesteel  Creek,  3  miles  east  of  Mitcbell 1206 

At  James  River  Station 1178 

At  bridge  of  the  Chicago,  Milwaukee  and  St.  Paul  Railway,  4  miles 

northeast  of  Yankton 1161 

JuDction  with  the  Missouri  River,  extreme  low  and  high  water, 

about 1150-1195 

VERMILION  RIVEE. 

West  Fork  of  Vermilion  River  at  Howard •  1536 

8ame,l|  miles  west  of  Salem 1460 

Same^  If  miles  west  of  Parker 1328 

East  Fork  of  Vermilion  River,  near  Wiuf red 1 625 

Bame,  at  Montrose 1458 

Jnnctionof  the  West  and  East  Forks,  about 1290 

At  railroad  bridge  near  Vermilion ". 1129 

Junction  with  the  Missouri  River 1125 

BIG  SIOUX  RIVER. 

L»keKampeska 1714 

AtWatertown 1709 

At  Volga 1596 

At  Flandrean,  above  and  below  tbe  dam 1523-1514 

Two  miles  southwest  of  Flandrean 1510 

One  mile  south  of  Sioux  Falls  Junction 1497 

oixmilesBouthof  Sioux  Falls  Junction 1479 

AtDell  Rapids  railroad  bridge 1470 

Two  miles  west  of  Sioux  Falls 1406 

SiOQx  Falls,  low  and  high  wAter  at  head  of  the  fails 1383-1388 

Samejow  water  at  foot  of  the  falls 1307 

^Brandon,]ow  and  higb  water 1284-1305 

Three  miles  east  of  Canton 1228 

Month  ot  Rock  River,  about 1170 

Atliawarden 1147 

At  railway  bridge  between  Westfield  and  Kl  k  Poi  n  t 1098 

Jonction  with  the  Missouri  River,  near  Sioux  City,  low  and  higb 
^»ter.  about 1080-1102 

ROOK  RIVER. 

Jj«' miles  west  of  Woodstock 1648 

JJ"*  miles  northwest  of  Edgorton 1567 

At  Layeme  (below  the  mill) 1428 

At  bridge  of  Burlington,  Cedar  Rapids  and  Northern  Railway,  Rock 

„%id8 1320 

J^O'  and  a  half  miles  south  of  Rock  Rapids,  low  and  high  water..  1299-1314 

Y^emile south  of  Doon.low  and  higb  water 1251-1209 

Junction  with  the  Big  Sioux  River,  about 1170 
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STREAMS  AND  LAKES  ON  THE  CANOE  ROUTE  FROM  LAKE  SUPERIOR  TO 
THE  LAKE  OF  THE  WOODS,  BY  WAY  OF  THE  KAMINISTIQUIA,  DOG, 
STURGEON,  AND  RAINY  RIVERS. 

[Detemiined  by  leVeHn;;  by  S.  J.  Dawson  In  1857  and  1858,  and  pnblished  in  Hind*R  Narrative  of  the 
Cauadinn  Explorint;  ExpodiiioDs,  London,  1860,  vol.  iU  PP-  399-402;  corrected  approximately  by 
compariBou  with  the  survey  of  the  Canadian  Pacific  Ilailway.] 


Month  of  the  Kaministiqaia  River,  Lake  Superior 

Monutain    portage    (Kakabeka    Falls),  Kamiuistiqaia 
River,  24ti  rods,  ascending  119  feet  (including  14  feet 

of  rapids  below  the  falls)  . 

Rocky  portage  (or  Ecart-^  portage),  14ti  rods,  ascending 

6:J  feet 

(Nine  portages,  snccessiyely  6^,  12|,  7, 19, 10, 3, 3, 3, 
and  15  feet,  intervene  between  the  last  and  Little 
Dog  Lake.) 

Little  Dog  Lake,  1*2  miles  across  on  this  ronte 

Great  Dog  portage,  If  miles,  ascending  348  feet  to  Great 

Dog  Lake 

Summit  of  this  portage  (a  broad  and  massive  sand  ridge) . . 
Highest  part  of  this  sand  ridge,  east  of  the  portage  path, 

about 

(^'The  Great  Falls  of  Little  Dog  River  are  surpris- 
ingly beantifnl.    The  diiference  iu  level  between 
Little  and  Great  Dog  Lake  ...  is  descended  by 
the  foaming  torrent  in  six  successive  leaps.") 
Great  Dog  Lake,  90  feet  deep,  crossed  lOf  miles  on  this 

route,  to  the  mouth  of  Dog  River 

Month  of  Prairie  River,  tributary  to  Dog  River 

Cold  Water  Lake,  crossed  0*2  mile  on  this  route 

Prairie  portage,  2^  miles,  ascending  157  feet,  to  Height 

of  Land  Lake.../. 

Summit  of  this  portage,  about 

The  highest  laud  there  within  view  is  about 

Height  of  Land  Lake,  crossed  0*2  mile  on  this  route 

(The  portage  from  this  to  Savanne  Lake  '' passes 
over  a  lo^  sandy  ridge  supporting  small  pine.'') 

Savanne  Lake,  crossed  1^  miles  on  the  route 

Great  Savanne  portage,  1^  miles,  descending  32  feet  to 

the  Savanne  River 

Thousand  Lakes  [Lac  des  Miile  Lacs],  21f  miles  on  the 

route  

Same,  low  and  high  water,  approximately 

(The  Sein^  River,  outflowing  from  this  lake  to  Rainy 
Lake,  has  a  total  descent  of  368  feet,  approxi- 
mately.    Hind  states  that  it  ''falls  350  feet  by  29 
stens  varying  in  altitude  from  3  to  36  feet.'') 
Baril  Lake,  on  the  head  stream  of  Sturgeon  River, 

crossed  8  miles  on  the  route 

Brul6  portage,  84  rods,  descending  47  feet 

Upper  Bruli  Lake  (or  Cannibals'  Lake),  8  miles  on  the 

route  

Lower  Brul6  Lake,  4^  miles  on  the  route 

Great  French  portage,  If  miles,  descending  100  feet  to 

French  Portage  Lake 

French  Portage  Lake,  H  miles  on  theTOute 

Pickerel  Lake,  13  miles  on  the  route 

Pickerel  portage,  104  rods,  descending  7  feet  to  Dord 

Lake , 

Dor^  Lake,  If  miles  on  the  route 

Deux  Rivieres  portage,  1^8  rods,  descending  117  feet  to 

Sturgeon  Lake.... 

Sturgeon  Lake.  23^  miles  on  the  route 

First  Sturgeon  RapidH,  descendiug  4  feet  in  44  rods 

Second  Sturgeon  Uapids,  portage  12  rods,  descending  6 
feet 


From  Lake  Sa- 
perior. 


MQet. 

0*0 

29*^  300 
30-2-  30*7 

52*3-  53*5 

53*5-  55*2 
54*0 

64*0 


55*2-  660 

98-8 
101-9^1021 

102*1-104*6 


104*6-104*8 

105*4-106*9 
106-9-108-4 
121-6-143*4 


Above  the 


143*6-151*6 
151*6-151*9 

151-9-159*9 
159-9-164*1 

164-1-165*8 
165*9-167*4 
169-9-182-9 

182-9-183-2 
183*2-185*0 

185-0-185-4 
185*4-i.0S-6 
208*6-208*7 

209*0 


602 

681-800 
800-863 

1002 

1002-1350 
1470 

1500 


1350 
1378 
1381 

1381-1538 
1570 
1600 
1538 


1522 

1522-1490 

14H5 
1483-1488 


1487 

1487-1440 

1440 
1437 

1437-1337 
1337 
1336 

1336-1329 
1329 

1329-1212 

1212 

1212-1208 

1208-1202 
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STREAMS  AND  LAKES 'ON  THE  CANOE  ROUTE,  ETC-Continuod. 


Island  portago.  12  rods,  descending  10  feet 

Neqaanqaon  Lake  (or  Lac  la  Croix),  8  miles  ou  the  route. 

Rattlesnake  portage,  Namekan  River,  20  rods,  descend- 
ing 12  feet 

Crow  portage,  32  rods,  descending  10  feet 

Grand  Falls  portage,  24  rods,  descending  16  feet 

Foot  of  Grand  Rapids,  Namekan  Ri  ver 

Lake  Namekan,  6|  miles  on  this  ronte 

Rainy  Lake,  3d  miles  on  tbis  ronte 

Same,  low  and  high  water,  approximately 

Rapids,  Rainy  River,  |  mile,  descending  3  feet 

Chaodiere  Falls,  close  east  of  Fort  Francis,  portage  32 
rods,  descending  23  feet 

Manitou  Rapids,  descending  2^  feet  in-60  rods 

Long  Sanlt  Rapids,  Jescending  3  feet  in  i  mile 

Lake  of  the  Woods,  crossed  72  miles  on  the  ronte  to 
Lake  Winnipeg  and  the  Red  River  settlements,  by 
way  of  the  Winnipeg  River 


From  Lake  8a- 
poxior. 


MUeM. 
221-2 
225-233 

2:%-2-235-3 
2:J8  •6-238-7 
245-2-245-3 
248-8 
251-3-257-8 
2(>3-:5-301-3 


301-3-301-8 

303-:^-303-4 
336  2-33(5-4 
342-i>--343-l 


381-1-4531 


Above  the  sea. 


Feet 
1197-1187 
1186 

1184-1172 

1171-1161 

1151^1142 

1127 

1126 

1117 

1115-1120 

1117-1114 

1114-1091 

1081-1078i 
1075-1072 


1060 


SYSTEM  OF  THE  RAINY  AND  WINNIPEG  RIVERS. 

LA.KI5S  ON  THE  INTER  If ATIONAL  BOUNDABY.  AND  RAINY  LAKE  AND  RIVER. 

IFrom iMToinetrlc  obaervationR  by  Prof.  N.  H.  Winohell  and  Col.  Charlos  Wkitile«ey,  and  from  level- 
ing by  S.  J.  Dawson;  corrected  by  comparison  with  subsequent  railway  sarveys.) 


WateiBbed  between  Soath  and  Nortb  Lakes,  on  the  international 
bonndary 

North  Lake rT, 

GauilmtLake = .' 

5*8a"agaLako 

Otter  Track  Lake 

Knife  Lake 

?«»woodLake [ 

L«c  la  Croix 

^ainekan  or  Sturgeon  Lake 

^ny  Lake,  low  and  bigh  water,  approximately,  1115-11*20;  moan. 
The  maximum  depth  of  Rainy  Lake,  according  to  Dr.  A.  C.  Law- 
son,  is  1 10  feet. 

v«nnilion  Lake 

On fiainy  River: 

Bapids  at  the  month  of  Rainy  Lake,  about  3  feet 

Falls  of  Rainy  River  (Cbaudi^ro  Falls),  at  Fort  Francis,  2^  miles 

below  the  month  of  Rainy  Lake,  23  feet 

A  canal  here,  unfinished  and  perhaps  never  to  be  completed,  is 
cut  throngh  rock  (granitoid  gneiss)  uOO  feet,  about  40  feet 
^ide,  and  was  designed  to  have  one  lift  of  24  feet  8  inches. 
Its  cost  to  the  Canadian  Government  has  been  |250,000. 
(Blue  Book :  Northwestern  Ontario,  its  boundaries,  resources, 

^      ond  communications.    Toronto,  1879.) 

JODth  of  Little  Fork 

yoth  of  Big  Fork 

**nitou  Rapids  ("a  short  pitch  over  solid  rock  on  the  bottom  and 
>n  both  banks,"  N.  Butler) 

"*^  aud  foot  of  Long  Sault  Rapids,  descending  probably  7  feet  in 

^*njile : 

f^Jthof  Rapid  or  Winter  Road  River 

^^e  of  the  Woods,  low  and  high  water,  ia57-1063;  mean 

Or.  G.  M.  Dawson  states  that  tbis  lake  has  a  niaxiTuum  depth 
of  84  feet  in  ita  northern  part,  which  is  called  Clearwater 
Lake. 


Feet  above  the  sea 

1573 
1535 
1530 
13rt« 
1326 
1322 
1244 
1186 
1126 
1117 


1357 
1117-1114 
1114-1091 


1087 
1085 

1081-1078 

1075-1068 
1063 
1060 
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SYSTEM  OF  THE  RAINY  AND  WINNIPEG  RIVIIRS— Continued. 

BIG  FORK  OF  RAIMT  RIVSS. 

[From  Whittlesey's  Report  of  Explorations  in  the  Mineral  Rej^ions  of  Minnesota,  1866;  corrected  and 
referred  to  sea  level  approximately  by  comparison  with  elevations  determined  by  levelinf;.] 

NoTK. — This  stream  would  be  more  properly  named  Bowstring  River,  which  is  the 
translation  of  its  Ojibway  name. 


Bowstring  Lake  (United  States  engineers) 

Head  of  **fall  of  6  feet  over  trappose  rock"  (estimated 
by  Whittlesey  "  about  70  feet "  above  the  moyth  of  the 
Big  Fork) 

''Rapid  of  4  feet  fall  over  hornblende  slate" 

**  Fall  of  29  feet  over  gneisa  and  mica  slate  "  .  ^ 

Mouth  of  the  West  Branch,  '*  which  heads  near  Red 
Lake" 

Junction  with  Rainy  River.... 


From  month  of 

Big  Fork 
(Whittlesey). 


MOet. 


82 
75 
45 

40 


Above  the  sea. 


FMtt 


1321 


1240 

1225 

1179-1150 

1140 
1085 


WEST  BRANCH  OF  BIG  FORK  OF  RAINY  RIVER; 


Highest  (east)  part  of  portage  from  Tamarack  or  Swamp  River  (a 
tributary  of  Ked  Lake)  to  Big  Fork,  about 

West  Branch  of  Big  Fork,  at  east  end  of  this  portage,  **  some  25  or 
30  miles  by  the  river  and  about  15  or  18  miles  in  a  straight  line  " 
from  its  mouth  (N.  Butler) 

Junction  with  the  Big  Fork,  about 


Feet  above  the  sea. 
1165 


1160 
1140 


WINNIPEG  RIVER. 


[From  leTeling  by  S.  J.  Bawson,  in  1857  and  1858,  pablished  in  Hind*8  Narrative  of  the  Canadian  Ex- 
pioring  Expeditions,  London.  1860,  vol.  2,  pp.  401  and  402;  referred  to  nea  level  by  comparinou  with 
the  snrvey  of  the  Canadian  Pacific  Railway.  The  difference  in  elevation  between  the  Lake  of  the 
Wooda  and  Lake  Winnipeg  determined  by  this  survey  agrees  exactly  with  that  foand  by  the  rail- 
way survey.  1 


Lake  of  the  Woods,  low  and  high  water.  1057-1063 ;  mean 

•Rat  portage,  52  rods,  descending  16  feet 

Les  Dalles  Rapids,  descending  3  feet  in  ^  mile 

Grand  D^chairge,  descending  6  feet  iu  i  mile 

Terre  Jaune  portage,  20  rods,  descending  22  feet 

Charette  D^charge,  descending  3^  feet  in  8  rods 

Terre  Blanche  portage,  40  rods,  descending  8  feet 

Cave  Rapids,  descending  2^  feet  in  8  rods 

Month  of  English  River,  approximately 

De  risle  portage,  8  rods,  descending  3^  feet 

Chute  k  Jacques  portage  (Jack's  Fails),  12  rods,  descend- 
ing 13  feet - 

Point  des  Bois  portage,  52  rods,  descending  10|^  feet 

Point  aux  Chines  portage  (the  Upper  Falls),  20  rods,  de- 
scending 20  feet 

Roche  Brnl^  portage,  12  rods,  descending  8  feet 

Slave  Falls  portage,  120  rods,  descending  20  feet 

Barrier  Falls  portage,  8  rods,  descending  5  feet 

Otter  Falls,  descending  3  feet  in  4  rods 

(Seven  portages,  successively  10,  8, 5|,  8, 3, 8,  and  41 
feet,  follow.) 

Foot  of  the  seventh  portage 

Bonnet  Lake,  4^  miles  across  on  this  rente 

Bonnet  portage,  4  rods,  descending  7  feet 

Cap  de  Bonnet  portage,  IG  rods,  descending  5  feet 


of  the  Woods. 

Above  the  aea. 

Mites. 

Feet. 

0-0 

1060 

0-0        0-2 

lOCO  -1044 

8-25-    8-50 

1043  -1040 

33*55-  33-8 

1038  -1032 

35-7  -  35-8 

1029  -1007 

36-5 

1006^-1003 

37-5  -  37-6 

1002  -  994 

380 

993i-  991 

54-0 

987 

570 

986i-  983 

801 

979-966 

89-7  -  89-9 

9t)4^  954 

90-0  -  901 

954  -  934 

911 

933  -  925 

95-5  -  95-9 

924  -  904 

102-0 

902  -  897 

107.0 

895  -  892 

116-2 

826 

127-6  -132-1 

823 

132-2 

8-23  -  816 

132-85-132-9 

814  -609 
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SYSTEM  OF  THE  RAINY  AND  WINNIPEG  RIVERS-Continued. 

WIKinPEG  BlVEB^-CoDtinaed. 


Bij;  Bonnet  portage,  200  rods,  descending  34  feet 

Petit  Roche  port<age,  52  rods,  descending  8  feet 

White  Mud  portage,  GO  rods,  descending  13  feet 

Silver  Falls  (or  Lower  Falls),  two  portages,  92  rods,  de- 
scending 22  feet 

Pine  portage,  48  rods,  descending  8  feet 

At  Fort  Alexander 

Moath  of  river,  Lake  Winnipeg 

Lake  Winnipeg  (determiuecl  by  surveys  for  the  Canadian 
Pacific  Railway),  low  and  high  water,  approximately 


From  the  Lake 
of  the  Woods. 


MOet. 
136*J  -136-8 
1371  -137-3 
140-7  -140-9 

144-4  -144-7 

150-25-150-4 

161-4 

163-2 

163-2 


Above  the  aea^ 


Feet, 

805  -  771 

770  -  762 

758  -  745 


744 

720 


722 

712 
710 
710 


708  -  713 


The  distance  traversed  thence  on  the  lake  to  the  mouth  of  the  Red  River  is  41 
mileis. 

There  are  thas  twenty-seven  portages  (the  two  ddcharges  being  included)  between 
the  Lake  of  the  Woods  and  Lake  Winnipeg. 

Total  length  of  canoe  route,  from  Lake  Superior,  by  Eaniinistiqnia,  Sturgeon, 
Baiiiy,  and  Winnipeg  Rivera,  to  the  month  of  the  Red  River  of  the  North,  657  miles. 


SYSTEM  OF  THE  RED  RIVER  OF  THE  NORTH. 

[franleTelhig  by  United  States  engineers,  under  the  direction  of  If  i^j.  Charles  J.  Allen,  of  St.  Paal( 
from  railroad  surveys;  and  from  the  U.  S.  Geological  Survey  of  Lake  Agassix.] 

RED  RIVER. 

.  Feet  above  the  sea. 

Lakog  on  the  Otter  Tail  River^  in  northern  and  central  Becker 
County  (the  highest  sources  of  this  head  stream  of  the  Red  River 

of  the  North) 1500-1400 

OlterTail  River,  at  Frazoe  (below  the  mill) 1^60 

^n«,  4  miles  southeast  of  Frazee 1340 

P«iie  Lakes L330 

Kn«hLake 1320 

Otter  Tail  Lake  (maximum  depth,  40-60  feet) 1315 

SUraDd  Dead  Lakes,  about 1350 

hakeClitherall 1334 

The  maximum  depth  in  the  northeast  part  of  this  lake,  ac- 
Mrdiog  to  soundings  by  Rev.  C.  M.  Terry,  is  44  feet,  and  in  its 
southwest  part  32  feet. 

««t  and  West  Battle  Lakes 1328 

The  maximum  depth  of  the  former  is  about  40  feet,  and  of  the 
latter  50  feet. 

^  Hiyer  (bed),  at  the  railroad  bridge  in  Sec.  33,  Aurdal 1230 

^^%  at  the  railroad  bridge  near  the  east  line  of  the  corporation 

T/^wgns  FaUs 1193 

^PP«i  mill  pond  of  Red  River,  Fergus  Falls,  above  the  Park  Roller 

*'•!,  water 1195 

,    (This  mill  has  15  feet  head,  with  fall  to  1,180  feet.) 
li^^RQa  Falls,  at  the  bridge  of  the  St.  Paul,  Minneapolis  and 

■lanitoba  Railway,  second  mill  pond,  water 1178 

(Two  dams,  successively  with  12  and  10  feet  head,  are  between 
«  ^  the  last  and  the  next.) 
Kn  ^""  Falls,  at  bridge  of  the  Northern  Pacific,  Fergus  and  Black 
^!ji9  (Northern  Pacilio)  Railroad,  bed,  1147 ;  fourth  and  lowest 

"^yl  pond,  water 1156 

(The  total  descent  of  the  Red  River  in  3  miles  at  Fergus  Falls 
y      is  about  80  feet,  from  1,210  to  1,130  feet  above  the  sea.) 

f'^Jthof  Pelican  River,  about 1115 

*^%ton  Bridge,  near  the  north  line  of  Soc.  29,  Buse 1064 

J!"  the  west  line  of  Sec.  30,  Buso 1041 

^*^ar  the  noiiheast  corner  of  Sec.  33.  T.  132,  R.  44 1014 

JJ»  the  line  between  Ot^r  Tail  and  Wilkin  Counties lOOC 

'^^t southern  bend  of  the  Red  River,  in  the  northwest  comer  of 
««^  4,  Bradford Wi 


\ 
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At  railroad  bridge,  2  miloa  east  of  Breckenridge  (bed) 

At  bridge  of  the  St.  Paul,  Minoeapolis  and  Manitoba  Railway,  1 
mile  northeast  of  Breokenridge,  water 

Mouth  of  the  Boia  des  Sioux  River,  Breckenridge  and  Wahpotou... 

Same,  highest  flood  stage,  about 

(Lake  Traverse,  maximum  depth  about  15  feet,  head  of  the  Bols 
des  Sioux  River,  low  and  high  water 

Bois  des  Sioux  River,  at  White  Rock,  bed,  9C(5 ;  ordinary  low  water.. 

Same,  2  miles  oast  of  Fairniount 

Connolly's  Rapids,  about  5  miles  north  of  Breckenridge  and  Wahpo- 
ton,  li  miles  long 

At  railroad  bridge  near  foot  of  these  rapids 

At  McCauIoyville  and  Fort  Aborcrombie 

Same,  highest  flood  stage,  about 

(Surface  of  ground  at  Fort  Abercrombie 

Mouth  of  Wild  Rice  River,  North  Dakota 

(The  foregoing,  unless  otherwise  stated,  denote  the  stage  of 
ordinary  low  water.) 

At  Moorhead  and  Fargo,  bed,  862 ;  ordinary  low  and  high  water, 
H70-885  or  890;  extreme  low  and  high  water  (range,  32  feot) 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 
1879,  1880,  and  1882  were  as  follows,  according  to  gauge  records 
by  United  States  engineers.  The  high  water  of  1>"82  has  not  been 
exceeded  daring  many  years  and  marks  approximately  the  max- 
imum limit  of  the  most  exceptional  floods.  In  ordinary  years  the 
highest  stage  ranges  from  880  to  890  feet.  In  1879  the  river  re- 
mained nearly  at  its  lowest  stage  throughout  the  year. 

1879,  1.  w.,  May  3,  866-.33 ;  h.  w.,  July  L5,  867-33. 

188(^  1.  w.,  Apr.  21,  86940;  h.  w.,  Apr.  3,  879-73. 

1882,  1,  w.,  Oct.  3,  868  21 ;  h.  w.,  Apr.  12,  898-37. 

Mouth  of  Sheyenne  River,  ordinary  low  water 

Mouth  of  Bufialo  River,  extreme  low  and  high  water,  about 

Month  of  Elm  River.  Quincy,  ordinary  low  water 

Extreme  low  and  high  water  (range,  36  feet) 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 
1879,  1880.  and  1^2  were  as  follows,  according  to  gauge  records 
by  United  States  engineers: 

1879,  1.  w..  May,  833-70. 

1880, 1.  w.,  Oct.  13,  836-50 ;  h.  w.,  June  15,  844-10. 

(1881,  h.  w.,  May,  about  860.) 

1882,  1.  w.,  Sept.  25,  8:56-63 ;  high  water  April,  869*90. 

Mouth  of  Wild  Rice  River,  Minnesota,  ordinary  low  water,  about.. 

Mouth  of  Goose  River,  Caledonia,  ordinary  low  wat>er 

Extreme  low  and  high  water  (range,  40  feet) 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 
1880  to  1882  were  as  follows,  according  to  gauge  records  by 
United  States  engineers : 

(1879, 1.  w.,  May,  821*3). 

1880, 1.  w.,  Oct.  4,  821-75;  h.  w.,  Juno  14,  8-29-05. 

1881, 1.  w.,  Aug.  20,  822-70;  h.  w.,  May,  850-90. 

1882,  1.  w.,  Sept.  28,  821*40:  h.  w..  April,  860-90. 

Goose  Rapids,  shallow  water,  with  the  channel  obstructed  by 
bowlders,  extending  from  the  month  of  Goose  River  about  12 
miles  (measured  in  the  meandering  course  of  the  Red  River).... 

Mouth  of  Sand  Hill  River,  about 

At  Belmont  (formerly  Frog  Point),  extreme  low  and  high  water 
(range,  50  feet) 

Mouth  of  Red  Lake  River,  Grand  Forks,  bod 

Extreme  low  and  high  water  (range,  44  feet) 

The  lowest  and  highest  stages  of  the  river  here  during  the  years 
1882  to  1887  were  as  follows,  according  to  gauge  records  by  United 
States  engineers: 

(1879, 1.  w.,  May,  785-40;  1881.  h.  w..  May,  818.) 

1H82,  1.  w.,  Sept.  24,  785-65;  h.  w.,  Apr.  17,  827-90. 

188:i,  1.  w.,  Sept.  30,  787-40;  h.  w.,  Apr.  25,  8-22.10. 

lr.84,  1.  w.,  Aug.  18,  785-80;  h.  w.,  Apr.  16,  811-00. 

18«),  1.  w.,  Nov.  15,  785-70;  h.  w.,  Apr.  17,  803-00. 

1886,  1.  w.,  Oct.  5,  783-70;  h.  w.,  May  4,  800-50. 

1887, 1.  w.,  Nov.  20,  78410;  h.  w.,  Apr.  15,  796-20. 


ITeet  above  Uie  aoa. 
956 

951 
943 
958 

970-976 

968 

963) 

93&-932 

931 

.  910 

934 

937) 

875 


866-898 


857 
850-882 

838 
634-870 


834 
822-824 
821-861 


822-810 
800 

797-847 
779 

784-^828 
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Moaib  of  Tnrtle  River,  Sec.  11,  T.  154,  R.  51,  ordinary  low  water.. 
At  Acton  (formerly  Kelley's  Point),  2^  miles  north  from  the  month  < 

of  Forest  River,  ordinary  low  water 

Moathof  Park  River,  St.  Andrew,  abont 

At  Pelican  Bar,  ordinary  low  water 

Mootb  of  Pembina  River,  Pembina  and  St.  Vincent,  bod 

Ordinary  low  and  high  wat-er 

Extreme  low  and  high  water  (range,  40  feet) 

(Sorface  of  ground  at  Fort  Pembina 

At  Emerson,  ordinary  low  water  and  extreme  hi^h  water 

The  following  elevations  of  the  Red  Rivor  at  Winnipeg  and  north- 
ward are  derived  from  surveys  for  the  Canadian  Pacific  Railway, 
being  in  considerable  part  from  the  published  report  of  Sandforcl 
Fleming,  engineer  in  chief,  1880,  p.  269,  from  which  a  uniform 
subtraction  of  6  feet  is  here  made  to  accord  with  the  revised  pro- 
file of  this  railway. 

Moath  of  Assiniboine  River,  Winnipeg,  extreme  low  water 

Ordinary  summer  stage 

Ordinary  spring  floods 

High  water,  1882 

Same,  1860 

Same,  1852 

Same,  1826 

Geoeral  level  of  the  land  surface 

Extreme  low  and  high  water  (range,  89  feet) 

At  the  Louise  Bridge,  Winnipeg,  extreme  low  wator 

Ordinary  spring  doods,  aboat 

High  water,  1882 

Same,  1826 

General  level  of  the  land  surface.  .,v- 

Extreme  low  and  high  water  (range  40  feet) 

At  St.  Andrew's  Church,  extreme  low  water , 

Ordinary  spring  floods,  about 

High  water,  1852 

Sanie,  1826  (nearly  the  same  as  the  general  level  of  the  land  sur- 
face)   

Extreme  low  and  high  water  (range,  38  feet) 

At  Lower  Fort  Garry  (the  "  Stone  Fort"),  extreme  low  water 

Ordioary  spring  floods^  about 

High  water,  1852 

Same,  1826 

Geueral  level  of  the  land  snrfaco 

Extreme  low  and  high  water  (range,  35  feet) 

At  West  Selkirk,  extreme  low  water.. 

Ordinarj'  spring  floods,  about 

High  water,  1852 

Same,  1826 

Geoersl  level  of  the  land  surface 

Extreme  low  and  hi^h  water  (range,  22  feet) 

At  St  Peter's  Church,  general  level  of  the  land  surface 

Extreme  low  and  high  water  (range,  15  feet) 

Lake  Winnipeg,  mean 

Extreme  low  and  high  water,  approximately 

(The  maximum  depth  of  Lake  Winnipeg,  according  to  Mr.  J. 

HoyesPanton,  is  65  feet.) 
From  Otter  Tail  Lake  to  near  Breckenridge  the  range  of  the 
Re<l  River  from  low  to  extreme  high  water  is  only  about  5 
feet.  Thence  it  rapidly  increases,  becoming  32  feet  at  Moor- 
faoad  and  Fargo  and  attaining  its  maximum  of  50  feet  nt  Bel- 
mont. It  continues  nearly  at  40  feet  from  Grand  Forks  to 
the  international  boundary  and  Winnipeg.  At  Lower  Fort 
Garry,  16  miles  north  of  Winnipeg  and  about  20  miles  from 
the  mouth  of  the  river,  it  is  35  feet ;  but  beyond  that  point  it 
rapidly  diminishes  in  approaching  Lake  Winnipeg.  Floods 
rising  nearly  or  quite  to  the  high-water  line  thus  noted  have 
been  rare,  occurring  in  18-^6,  1852,  1860,  1861,  and  1882. 
They  are  caused  in  the  spring  by  the  melting  of  unusual  sup- 
plies of  snow  and  by  accompanying  heavy  rains,  and  often 
are  increased  by  gorges  of  ice. 


Feet  above  the  aea^ 

« 

773 

769 

758 

739 

753-782 

74^788 

787) 

750-787 


724 
730 

740-745 
750 
759 
761 
763 
758 

724-763 
723 
740 
749 
763 
756 

723-763 
715 
735 
745 

753 

715-753 
711 
730 
736 
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752 
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720 
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709-724 
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'   PELICAlf  lilVKB. 

Oue  mile  east  of  Detroit  (mifl  pond) 

Detroit  Lake 

Lakes  SaUie  and  Melissa 

Pelican  Lake  (maxiinnm  depth  about  40  feet) 

Cormorant  Lake,  about  .« 

Lakes  Lizzie  and  Lida 

[Lake  Lida,  according  to  soundings  by  Rev.  C.  M.  Terry,  ranges 
from  10  to  40  feet  in  depth.] 

Above  and  below  the  dam  at  Pelican  Rapids 

At  railroad  bridge,  1^  miles  north  of  Erhart's  Station    

At  railroad  bridgOi  1  mile  north  of  Elizabeth  Station    

On  the  line  between  Elizabeth  and  Fergus  Falls,  estimated 

At  the  bridge  of  tie  St.  Paul,  Minneapolis  and  Manitoba  Railway, 

in  the  east  edge  of  Sec.  13,  Carlisle 

At  the  bridge  of  the  Northern  Pacific,  Fergus  and  Black  Hills 

(Northern  PaciQo)  Railroad 

Junction  with  the  Red  River,  about 

BUFFALO  BIVBB. 

Buffalo  Lake,  about 

At  the  most  eastern  railroad  bridge,  3  miles  east  of  Hawley 

At  the  railroad  bridge,  0*4  mile  east  of  Hawley 

At  the  railroad  bridge,  4^  miles  east  of  Glyndon 

Same,  1^  miles  north  of  Glyndon 

Junction  with  the  Red  River,  low  and  high  water 


Feet  above  the 


1345 
1335 
1330 
1320 
1340 
1315 


130a-1291 
1269 
1222 
1200 


1151 

1124 
1115 


1400 

1150 

1131 

940 

90H 

850-^82 


WILD  BICE  BIYBB.  MINNESOTA. 


Upper  and  Lower  Rice  Lakes,  Twin  Lakes,  Tulaby,  and  White  Earth 
Lakes 

In  the  eastern  part  of  Sec.  30,  Fosnm  (T.  144,  R.  43),  about 

In  the  SW.  i  of  Sec.  25,  Wild  Rice  (T.  144,  R.  44),  on  line  of  survey 
for  branch  of  the  St.  Paul,  Minneapolis  and  Manitoba  Railway.. 

At  bridge  of  the  Duluth  and  Manitoba  Railroad,  near  Twin  Valley. 

Two  and  a  half  miles  south  of  Ada 

Long  Lake,  at  Ada,  former  channel  of  the  Wild  Rice  River 

[Thence  westward  this  stream  formerly  flowed  in  the  present 
course  of  the  Marsh  River.  ] 

Junction  with  the  Red  River,  about 

SAin)  HILL  BIVEB. 

Maple  Lake 

Near  the  center  of  Sec.  13,  Garfield  (T.  147,  R.  44),  on  line  of  survey 
for  branch  of  the  St.  Paul,  Minneapolis  and  Manitoba  Railway.. 

At  bridge  of  the  Duluth  and  Manitoba  Railroad,  in  Sec.  28,Garfield. 

At  ford  of  the  old  Pembin^t  trail,  near  the  west  line  of  this  Sec.  28, 
Garfield 

At  Beltrami 

Junction  with  the  Red  River,  about 


1500-1450 
1050 

1025 
985 
900 
901 


834 


1169 

1116 
1075 

1071 
695 
800 


BED  LAKE  BIYEB. 

Highest  (east)  part  of  portage,  6  miles  long,  from  the  West  Branch 
of  the  Big  Fork  of  Rainy  Kiver,  about 

West  end  of  this  portage,  ^  mile  above  the  forks  of  Tamarack  or 
Swamp  River,  "  about  Iti  miles  by  river,'or  10  by  land ''  from  Red 
Lake  (N.BuUer),  about.... 

Red  Lake,  estimated 

[The  maximum  depth  of  this  lake,  in  its  southern  half,  is  40  to 
50  feet.] 

Month  of  Thief  River 

At  St.  Hilaire,  about 

Haifa  mile  above  the  mouth  of  Clearwater  River.... 

Mouth  of  Clearwater  River,  Red  Lake  Falls 


1165 


1155 
1150 


1099 

1065 

948 

940 
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Clearwater  River,  below  mill  in  west  part  of  NE.  i  of  N£.  i  of 
Sec.  22.  Red  Lake  Falls 

Saoie.i  mile  above  (sooth  of)  this  mill 

[The  raiige  from  low  to  high  water  of  both  Red  Lake  and  Clear* 
water  Rivers  at  Red  Lsike  Falls  is  ouly  5  feet.] 

Red  Lake  River,  at  bridge  of  the  Duluth  and  Mtiuituba  Railroad.. 

At  Crookstou  railroad  bridge,  ordinary  stage,  833;  low  and  high 
water,  about 

Junction  with  the  Red  River,  Grand  Forks,  bed,  779 ;  low  aud  high 
water 

WILD  BICE  BIVSS,  NORTH  DAKOTA. 

Two  mile^  west  of  Rutland 

At  Ransom 

Taylor  Lake  (20  feet  deep),2i  miles  west  of  the  Ligb tiling's  Netit, 

about  

Swan  Lake,  8  miles  WN W.  from  the  last,  about 

Near  the  center  of  Sec.  25,  T.  132,  R.  52,  3^  miles  south  of  Wy  udiiiero, 

about 

At  bridge  on  east  line  of  SB.  i  of  Sec.  30,  Berlin  (T.  131,  H.  49),  most 

soatheru  bend  of  the  river 

Foar  and  a  half  miles  west  of  Wahpoton 

At  bridge  of  the  St.  Paul,  Minneapolis  and  Manitoba  Railway,  1^ 

miles  northeast  from  the  last 

Junction  with  the  Red  River 

SHEYENNE  KIYEB. 

Devil's  Lake  (having  no  outlet),  low  and  high  water,  1HS0-18S9  .. 

Stomp  Lake  (also  having  no  outlet) 

Atbndge  of  the  Jamestown  and  Northern  Kailroud,  near  Shoyenno. 

At  Valley  City 

At  Lisbon - 

In  8ec.  32,  T.   134,  R.  54,  2  miles  £NE.  from  its   most  southern 

bend 

On  the  west  lino  of  the  NW.  i  of  Sec.  2U,  T.  135,  R.  54   

At  bridge  near  the  middle  of  the  south  side  of  Hclendale  (T.  13t>,  R. 

52),  about 

At  Kindred 

At  bridge  of  the  Fargo  and  Southwestern  Railroad 

AtHaggart 

Moath  of  Maple  River,  about 

At  railroad  bridge,  1^  miles  northwest  of  Harwood 

Jonction  with  the  Red  River 

MAPLE   EIVER. 

At  bridge  of  the  Northern  Pacific  Railroad  between  Buffalo  aud 
Tower  City 

hi  Sec.  32,  T.  137,  R.  54,  about  2  miles  northeast  from  its  most  south- 
ern bend  

AtDurbin 

AtMapleton 

Joaction  with  the  Sheyenne  River,  about 

ELM  KIYEB. 

Sooth  Fork  at  Hunter 

w^nth  Branch  of  the  North  Fork,  3*  miles  south  of  Galesburg 

«orth  Branch  of  the  North  Fork  at  Galosburg 

ftorth  Fork  at  Blanchard 

**lm  Kiver  at  Grandin 

«orth  Branch  at  Kelso 

Jnnction  with  the  Red  River,  Quincy 

BulL72 12 


Feet  above  the  sea. 

950 
965 


932 

830-850 

784-^28 


1202 
1117 

1050 
1070 

1010 

974 
940 

930 
875 


1130-1434 
1417 
1410 

liiOO 
1064 

1039 
1021 

960 
930 
897 
881 
872 
802 
857 


1130 

1019 
904 

888 
872 


962 
1062 
1063 
927 
8(55 
8ri8 
638 
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GOOSE  RIYSB. 

South  Fork,  near  the  soathwest  comer  of  Sec.  3,  T.  145,  R.  54,  about . 

North  Brauch  of  the  Middle  Fork,  where  it  intersects  the  Herman 
beach  of  Lake  Agassi z,  in  the  southeast  part  of  Sec.  26,  T.  147,  H. 
55,  about  .-.-- 

Golden  Lake  (about  20  feet  deep),  low  and  high  water.... 

Fiogal's  Creek,  where  it  itiiersects  the  Herman  beach,  northwest 
corner  of  Sec.  23,  T.  I4d,  K.Gf),  about 

Goose  River  and  Little  Goose  Kiver,  where  they  intersect  the  Her- 
man beach,  i^spectively,  in  Sees.  35  and  I9,  T.  150,  R.  55,  about.. 

Goose  River,  at  Portland,  bed,  933;  water 

At  May  ville,  bed,  924 ;  water  held  by  dam 

At  Hillsboro,  water 

Junction  with  the  Red  River,  Caledonia ..• 

TURTLE  EIVER. 

South  Branch,  where  it  intersects  the  Herman  Beach  of  Lake  Agas- 
siz,  in  the  SW.  i  of  Sec.  18.  Elm  Grove  (T.  152,  R.  55),  about 

Same,  4  miles  northwest  from  Larimore , ' 

Same,  at  its  most  southern  bend,  1^  miles  north  of  Larimore,  about. 

North  Branch,  at  bridge  in  the  east  end  of  Bachelors'  Grove,  on  the 
east  line  of  the  S£.^  of  Sec.  30,  Agnes  (T.  153,  R.55) 

Same,  at  railroad  bridge  2f  miles  north  of  McCanua  (bed) 

Junction  of  South  aud  North  Branches,  about 

Turtle  River,  1^  miles  north  of  Arvilla,  about 

Same,  in  Sec. 22,  Mekiuock  (T.  152,  R.  53).  about 

At  bridge  of  the  Dulnth  aud  Manitoba  Railroad,  near  Mekiuock 
Station 

At  Mauvel,  low  and  high  wat«r •.. 

Junction  with  the  Red  River,  Sec.  11,  Turtle  Rivei  (T.  154,  R.  51).. 

FOKEST  KIVEE. 

South  and  Middle  Branches,  where  they  intersect  the  uppermost 

shore  of  Lake  AgiMsiz,  west  of  the  Elk  Valley,  about 

North  Branch,  at  its  intersection  of  this  shore-line,  near  the  center 

of  Sec.  20,  Vernon  (T.  156,  R.  56),  about .- 

Junction  of  the  South  and  North  Branches,  in  Sec.  5,  lukstcr  (T.  154, 

R.55),  about 

At  railroad  bridge,  If  miles  north  of  Inkster 

At  intersection  of  a  beach  of  Lake  Agassiz,  in  the  oast  part  of  Sec. 

2,  Strabane  (T.  154,  R.  54),  about 

At  bridge  Of  the  Duiuth    and   Manitoba  Railroad,  near   Forest 

Station 

At  MintOjlow  and  high  water 

Junction  with  the  Red  River 

PARK  RIVEE, 

South  Branch,  at  the  Garfield  bridge,  about 

Same,  in  its  course  1^  miles  through  "the  mountains''  east  of  the 

Golden  Valley,  about 

Same,  at  Park  River 

Same,  near  the  middle  of  the  south  side  of  Sec.  17.  Fertile  (T.  157,  R. 

54),  about - 

Middle  Branch,  at  bridge  of  the  Laugdon  line,  St.  Paul,  Minneapolis 

and  Manitoba  Railway 

Same,  at  middle  of  south  side  of  Sec.  5,  Lanipton  (T.  158,  R.  56), 

about 

Same,  in  the  southwest  part  of  Sec.  12,  Laropton,  about 

Same,  at  bridge  on  east  side  of  N£.  i  of  Sec.  29,  Glonwood  (T.  158, 

R.54) 

North  Branch,  at  bridge  about  1^-  mile-s  west  of  Gardar 

Same,  in  the  west  part  of  Sec.  13,  T.  159,  R.  56,  3  to  3^  miles  oast  of 

Gardar 

Same,  at  middle  of  east  side  of  Sec.  5,  Glenwood,  about...  ........•• 

Park  River  at  Grafton,  low  and  high  water 

Junction  with  the  Rea  River^  St.  Andrew,  about ••«...... 


Feet  above  the  sea. 

icn^o 


1085 
1122-1128 

1110 

1125 
9'36 
936 
872 
822 


1155 
1109 
1060 

1142 

1115 

1030 

950 

890-875 

854 

798-«12 

778 


1150 

1175 

1075 
941 

875 

847 

791MJ08 
774 


1170 

1165-1115 
964 

880 

1243 

1185 
1075 

859 
1203 

1025-1000 

865 

809-819 

769 
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TONGUE  RIVER. 

Feet  aboTO  the  sea. 
At  bridge,  near  the  center  of  the  sooth  half  of  Sec.  28,  T.  161,  R.  5G, 

abooi 1110 

At  Mr.  Abner  French's,  near  the  center  of  Sec.  18,  T.  161,  H.  55....  9*.)4 

At  bridge,  about  1  mile  northeast  from  the  last,  about U70 

At  bridge,  Cavalier H>4 

AtBftthgato,  bed,  801;  low  and  high  water 803-tH16 

Junetion  with  the  Pembina  Elyer,  about 770 

PEMBINA  RIVER. 

Whitewater  Lake,  low  and  high  wnter 1632-1637 

At  bridge  of  the  Manitoba  and  Southwestern  Bail  way,  near  Little 

Pembma  Station,  68  miles  west  of  Maniton 1605 

Divide  between  the  Sonris  and  Pembina  Kivers,  in  Lang's  Valley 

(ootlet  of  the  glacial  Lake  Souris) 1364 

Bone  Lake,  in  Lang's  Valley 1357 

Grass  Lake  and  Pelican  Lake 1355 

(Range  of  Pelican  Lake,  from  low  to  high  water,  3  feet.) 

Lakes  Lome  and  Louise,  about 1345 

Rock  Lake,  about 1335 

AtlheMarriughorst  bridge,  about  ..^ 1330 

Swan  Lake,  about 1310 

At  bridge  of  Manitoba  and  Southwestern  Railway,  La  Riviere 1287 

At  the  Mowbray  bridge,  on  the  line  between  Sees.  21  and  22,  T.  1, 

R.  8,  Manitoba,  about 12135 

On  the  international  boundary,  about 1125 

At  the  •*  fish  trap,"  7  miles  west  of  Walhalla,  N.  Dak.  (fall,  7  feet 

in  ^  mile),  estimated  about 1050-1043 

At  the  WalhaUa  bridge,  low  and  high  water 934-943 

At  the  St.  Joseph  bridge,  7  miles  east  from  the  last 865 

AtNeche,  bed,  810;  low  and  high  wat«r 8i:i-«:52 

Honth  of  Tongue  River,  about - 770 

At  bridge  of  the  Dulutb  and  Manitoba  Railroad 757 

JouctioQ  with  the  Red  River,  Pembina,  extreme  low  and  high 

water 748-788 

ASSINIBOINE  RIVER. 

(^[JQnflway  profilen ;  fh>in  the  tJ.  S.  Geolosical  Sarvey  of  Lake  AgaBSiE ;  and  from  survey  b  bv  H.  S. 
^^enwieDgiiieer,  St.  Paul,  referred  to  eea  level  by  oomparison  Ytilh  the  Canadian  Pacific  Railway.] 

. .  Feet  above  the  sea. 

At  bridge  of  the  Manitoba  and  Northwestern  Railway,  bed,  1,309; 

„^»ter .:.  1314 

^OQth  of  the  Qu'Appelle  River,  about  17  miles  south  of  the  foro- 

p«0'DK 1264 

'JrtETlice,  at  top  of  the  river  bluff  here 1484 

At  bridge  of  the  Canadian  Pacific  Railway,  1|  miles  cast  of  Bran- 

^^on 1161 

*oath  of  Sonris  River,  approximately 1100 

At  OQtcrop  of  Niobrara  limestone  in  8cc.  36,  T.  8,  R.  11,  about  3i 

miieo  Qjig^  from  the  month  of  Cypress  River,  approximately 1000 

At  Portage  la  Prairie,  ordinary  low  and  high  water  2  miles  south- 
^^t  £rom  the  town,  near  the  former  site  of  the  Hudson  Bay  Com- 
^f}  fort,  842-850 ;  extreme  high  water.  May  3-15,  1882,  when 
^  river  overflowed  here,  sending  part  of  its  waters  north  to  Lake 

*»i^itoba,  854 842-854 

''^is  rise  was  caused  by  an  ice  jam  a  few  miles  farther  east.  It 

is  said  that  the  river  had  previously  overflowed  hero  to  Lake 

fii  b,^*^^^^^  about  20  years  before  [probably  in  I860]. 

KoloQgb,  occupying  a  deserted  channel  of  the  Assiniboine  River 

7^  sonth  of  Portage  la  Prairie,  ordinary  stage  of  water,  849 ;  in 

At  p'°^  spring  flf>ods,  850  ;  in  the  great  flood  of  May,  1882,  854  .  849-854 

^f^tt's  Landing,  2^  miles  sontheast  from  Portage  la  Prairie, 
l^iiiary  low  and  high  water,  840-849 ;  lowest  and  highest  stages.  837-852 

^^  Manitoba^  mean,  809;  lowest  and  highest  stages,  approxi- 
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Feet  ftfcOTO  the  sea^ 
Lowest  portion  of  the  divide  between  Lake  Manitoba  and  Long 

Luke,  approximately 812 

Long  Lake,  6  niiles  long  and  less  than  a  mile  wide,  6  inches  to  6  feet 
deep,  between  Roabnrii  and  Poplar  Point  Stations  of  the  Canadian 
Paoific  Railway,  occupyiu|^  a  former  channel  of  the  Assiuiboine 

River,  ordinary  low  and  high  water 798-803 

[*'The  immediate  banks  of  Long  Lake  are  from  6  to  10  feet 
hi^h,  sloping  up  gradually.'^] 
Assiniboine  River,  at  center  of  lot  142,  Bale  St.  Paul,  near  the  south- 
east end  of  Long  Lake,  top  of  river  bank,  ti08 ;  water,  ordinary 

stage -*.  796 

In  lot  230,  Baie  St.  Paul,  top  of  river  bank,  794 ;  water,  ordinary 

stage ,  779 

At  St.  Francois  Xavier  Church,  top  of  river  bank,  784 ;   water, 

ordinary  stage 765 

At  crossing  of  the  **  Winnipeg  meridian,"  in  Headingly,  ordinary 

stage 757 

At  Headingly,  H  miles  farther  east,  ordinary  low  and  high  water..  754-764 

Month  of  Sturgeon  Creek,  ordinary  stage 745 

Sturgeon  Creek  at  bridge  about  a  half  mile  from  the  Assiniboine 

River 753 

At  St.  James,  ordinary  low  and  high  water 736-754 

Junction  with  the  Red  River,  Winnipeg,  top  of  the  river  bank,  757; 
ordinary  low  stage  of  water  (Oct.  1, 1874),  728;  usual  summer 
level,  730 ;  usual  spring  flood,  about  742 ;  extreme  low  and  high 
water 724-76:J 

LAKES  ON  THE  QU'APPELLB  RIVER. 

[From  H.  Y.  Hind;  referred  to  tOA  level  Approximately  by  oomparison  with  elev»tion8  determined  by 

leveling.] 

Feet  above  the  sea. 

Elbow  of  the  South  Saskatchewan  River 1619 

Ponds  (about  10  feet  deep)  on  the  River  that  Turns 1686 

Divide  in  ancient  water  course  between  the  South  Saskatchewan 

and  Qu'Appelle  Rivers  (outlet  of  the  glacial  Lake  Saskatchewan) .  1704 

Sand  Hill  or  Eyebrow  Lake  (about  20  feet  deep) 1685 

Buffalo  Lake  (about  20  feet  deep) 1635 

Qu'Appelle  River,  at  bridge  of  the  Regina  and  Long  Lake  Railway..  1595 

Long  Lake,  tributary  to  the  Qu'Appelle  Ri  ver 159d 

Fishing  lakes,  four  in  number,  with  intervening  descents  of  about 

afoot 1504-1500 

The  maximum  depths  of  these  lakes,  successively  in  descend- 
ing order,  are  54,  57,  48,  and  66  feet. 

Crooked  Lake  (maximum  dopth,36  feet) 1380 

Round  Lake  (maximum  depth,  30  feet) 1364 

J  unction  of  the  Qu'Appelle  with  the  Assiniboine .'«. 1264 

souRis  6r  mouse  river. 

On  the  international  boundary,  crossing  from  Assiniboia  into  North 

Dakota,  215  miles  west  of  the  Red  River,  about 1650 

At  Minot,  N.  Dak /. 1535 

At  Towner,  N.Dak 1445 

Crossing  the  international  boundary,  170  miles  west  of  the  Red 

River,  about 1400 

At  Plum  Creek,  Manitoba,  about 1335 

At  the  Elbow  west  of  Laughs  Valley,  21  miles  ESE.  from  the  last, 

about 1265 

At  Qregory's  Mill,  in  Sec.  34,  T.  6,  R.  18, 5  miles  north  from  the  last, 

head,  8  feet,  about 1210-1202 

At  SourisCity 1164 

At  Milford , 1114 

Junction  with  the  Assiniboine  River^  about .•••  1100 
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SASKATCHEWAN  RIVER. 

[From  fnnreys  of  ih«  Ganaillaii  Paoiflo  Railway;  of  the  Gooloji^cal  and  K&tnraT  FTIstory  Sarrey  of 
Ckoadat  by  Dr.  Q. M.  Dawson,  B.G.  McConneli,  and  J. B.  Tyrrell;  and  of  the  AMiuiboine  and  Sae- 
katchewaii  Bxploring  Sxpedition,  by  H.  Y.  Hind.] 

Feet  abOTo  the  soo. 
Bow  River  at  the  Gap,  where  it  issnes  from  the  Rocky  Monu tains, 

about ^ 4215 

Same,  at  Calgary,  month  of  the  Elbow  River 3390 

Same,  at  the  Blackfoot  crossing,  near  center  of  T.  21 ,  R.  21 2595 

BeUy  River  at  the  "Coal  Banks,''  Lcthbridge 2717 

Conflnenoe  of  the  Bow  and  Belly  Rivers,  Arming  the  South  Sas- 
katchewan   2212 

South  Saskatchewan  Rivor  at  Medicine  Hat,  low  and  high  water..  2137-2154 

Same,  at  month  of  Red  Deer  River 1958 

Same,  in  T.  22,  R.  18,  long.  108O  27' 17854 

Same,  at  the  Elbow 1619 

North  Saskatchewan  River  at  the  Rocky  Mountain  House  and 

month  of  Clearwater  River,  about 3150 

Same,  mouth  of  Brazeau  River 2661 

Samej  at  big  coal  seam  (27  feet  thick,  bnt  including  2  feet  of  shale), 

Goose  Encampment,  long.  1140  30' 2331 

Same,  at  proposed  crossing  of  the  original  lino  of  the  Canadian  Pa- 
cific Railway,  long.1140,  about 2160 

Same,  at  Edmonton,  about 2025 

(Edmonton,  200  feet  above  high-water  level  of  the  river,  about 
2,235.) 

Same,  at  Victoria,  near  months  of  Egg  and  Smoky  Creeks 1895 

Same,  at  Fort  Pitt 1746 

JnDctton  of  the  Sonth  and  North  Saskatchewan  Rivers,  estimated .  •  1200 

Cedar  Lake 824 

CrossLake 818 

Head  and  foot  of  Grand  Rapids  of  the  Saskatchewan  River,  extond- 
iog  from  about  4^  to  2  miles  above  its  mouth  (fall  stated  by  Hind 
to  be  43^  feet  in  these  2^  miles,  the  upper  28^  feet  bciug  posited  by 

ft  portage  a  little  more  than  a  mile  long),  approximately 765-720 

we  Winnipeg,  mean, 710;  low  and  high  water, approximately...  708-713 

NELSON  RIVER. 

The  following  estimated  elevations  of  points  on  the  Nelson  River  are  by  Dr.  Robert 
M  (Reports  of  Progress,  Geological  Survey  of  Canada,  1877-79). 

Feet  above  the  sea. 

^ke  Winnipeg 710 

Great  and  Little  Playgreen  Lakes,  also 710 

S«a  River  Falls,  17  miles  below  Norway  Honstj,  abont 705-700 

"ipeetone  and  Cross  Lakes,  on  the  Nelson  River  at  the  north  end  of 

K.o«  Island,  about 665 

wpi-wesk  Lake,  on  Nelson  River  from  lat.  55°  to  55°  20',  about 665 

Urand  Rapid, ''  a  descent  of  abont  15  feet  in  the  form  of  a  steep 

chnte,"  4  miles  south  of  Split  Lake,  about 460-445 

oplitLake,  inlat.560  15'to560  35',  about 440 

UoULake,  18  miles  below  (ENE.of)  Split  Lake,  about 420 

1  felve-foot  chute,  43  miles  below  (east  of)  Gull  Lake,  about 200-188 

*W)t of  Broad  Rapid,  "2  miles  wide  and  full  of  knobs  and  little 
""g^s  of  gneiss,''  extending  5  miles  next  below  the  Twelve-foot 
cftnte,  or  116  to  111  miles  from  the  mouth  of  Nelson  River,  abont.  125 

^^  <)f  First  or  Lowest  Limestone  Rapid,  about  90  miles  by  the 

^^^  of  the  river  above  its  month,  probably  about 50 

The  effect  of  the  tide  extends  to  Gillam's  or  Lower  Seal  Island, 
^hich  is  abont  20  miles  Irom  Hudson  Bay.  Spring  tides  on  the 
J^t  coast  of  Hudson  Bay  are  quite  uniformly  11  or  12  feet, 
■>«iQg  greater  than  on  the  east  coast.  They  are  highest  at  the 
^^^  of  the  Nelson  River,  amounting  there  to  about  15  feet. 

Tlie  average  depth  of  Hudson  Bay  is  **  about  70  fathoms 
*lirougijont,  deepening  to  100  and  upwards  in  approaching  the 
P'ltlet  of  Hudson's  Strait;  while  in  the  sfrait  itself  the  80und- 
JP88  along  the  center  vary  from  about  100  to  upwards  of  300 
*th»iii8.  The  bottom  appears  t^i  consist  aliiioHt  everywhere  of 
^lUcr  clay  and  mud."— Dr.  Bell,  in  Can.  Geol.  Surv.,Rep.  of 
*^g.  for  1879-'80,  pp.  28-30  C. 
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ALTITUDES   OP  WATERSHEDS,   HILLS,  MOUNTAINS,  LAKES,  AND 

STREAMS,  ON  ROUT£S  OF  GEOLOGICAL 
OR  OTHER  SURVEYS. 

ADDITIONAL  NOTES  FROM  RAILROAD  SURVEYS  IN  MINNESOTA. 

CABVER  COUNTY. 

[From  S.  8.  Alexander,  engineer,  MinnoapoliB.J 

Feet  above  tlie  sea. 

LakeLnoy,  Cbanbassen 954 

Minnewatthta  Lake U45 

Picture  or  Mud  Lake,  Watertowu 940 

South  Fork  of  Crow  River,  above  and  below  tbe  dam  at  Watertown  927-920 

Bluff  on  east  side  here 976 

Ooean  marsh,  iSecs.  7  and  ti,  Hollywood 999 

McLEOD  COUNTY. 
[Also  from  S.  S.  Aleziuider,  engioepr,  Minneapolis.] 

WinstedLake 996 

Swan  Lake 1047 

OLMSTED  COUNTY. 
[From  Horace  Horton,  engineer,  Rochester.] 

Top  of  Lone  Mound,  Sec.  11,  Farmin^ton 1175 

Base  of  Sugar  Loaf,  Sees.  31  and  32.  Ha  verb  ill 1033 

North  Middle  Branch  of  Zumbro  River  at  Oronoco 95H 

Center  of  Sec.  21,  Oronoco 1108 

Quarter-section  stake  between  Sees.  33  and  34,  Oronoco 1133 

Northwest  corner  of  Sec.  10,  Cascade 1143 

Creek  near  the  schoolhouse  in  Sec.  15,  Cascade,  about 1008 

College  street  bridge,  Rochester 983 

South  Branch  of  Zumbro  River  here 968 

Southeast  comer  of  Sec.  10,  High  Forest 1310 

Low  water  in  the  North  Branch  of  Root  RivQr  at  High  Forest  vil- 
lage    1213 

Pleasant  Grove,  about 1310 

MOWER  COUNTY. 
[Also  from  Horace  Horton,  engineer,  Rochester.) 

Section  29,  Pleasant  Valley,  ^  mile  south  of  John  Rowley^s  houso..  1400 

Dr.  Thoruhill's  farm,  4  miles  east  of  Brownsdale •  1373 

FREEBORN  COUNTY. 
[From  William  Morin,  engiueor,  Albert  Lea.] 

Geneva  Lake 1222 

Clark's  Grove,  3^  miles  southwest  from  Geneva  Lake 1322 

CHAINS  OF  LAKES  IN  MARTIN  COUNTY. 

[The  partially  filled  ancient  water  courses  in  wliich  those  lakes  lie  are  probably  interglacial.    Qf^- 

ogy  of  Minnesota,  vol.  I,  pp.  179-485.  J 

Feet  above  tbe  sea. 

Etvst  chain  of  lakes  (maximum  depths,  about  15  feet) 1160-1180 

Central  chain  of  lakes  (8  to  fiO  feet  deep) 1165-1190 

West  chain  of  lakes^S  to  20  feet  deep) 1200-1250 

lag 
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ST.  PAUL  AND  VICINITY. 

(Fnm  F.  W.HeCoj,  — itetanl  city  engineer.;  and  ftom  snrreys  for  ratlwftys  and  water  works.] 

Feet  above  the 


Zero  of  Signal  Serv ioe  gaoge,  Mississippi  River,  at  foot  of  Jaoluon 

street 682-53 

Zero  of  gange  on  pier  of  the  Wabashaw  street  bridge 682*52 

Zero  of  city  levels 69260 

MissiaBippi  River,  extreme  low  water  (1864  and  Dec,  1878,  Maj.  C.  J. 

AUen) 683 

Same,  lowest  sti^^e  in  ordinary  yeSirs 68r> 

Same,  extreme  high  water  ( Apr.  29, 1881,  Major  Allen ) ^....  7(>2 

Union  depot 70:{ 

Robert  street  bridge,  highest  part  of  roadway  (level  span,  352  feet 

long) 763 

Intersection  of  Wabashaw  and  Third  streets  (3  or  4  feet  above  the 

north  end  of  the  Wabashaw  street  bridge) 787 

Sonth  end  of  the  Wabashaw  street  bridge 713 

Intersection  of  Wabashaw  and  Tenth  streets,  at  the  northwest  cor- 
ner of  the  capitol  ground  796 

Summit  of  Dayton  blnff,  intersection  of  Seventh  and  Hope  streets, 

natural  snrface,  915 ;  grade 899 

Summit  of  Robert  street  at  its  junction  with  Jackson  street,  nat- 
ural surface,  897;  grade 679 

Summit  of  St.  Anthony  hill,  on  Summit  avenue,  between  Arundel 

and  Lawton  streets,  grade 926 

The  following  elevations  of  lakes  near  St.  Paul  and  north- 
ward are  from  a  Report  on  Plans  for  the  Water  Supply  of  St. 
Paul,  by  Joseph  P.  Frizell,  1882.  and  from  railway  survoys. 

UkePhalen - 859 

Lake  Como 885 

Lake  Elmo  (Lower  Bass  Lake).. 86G 

Upper  Bass  Lake 900 

Sandy  Lake,  Sec.  18,  New  Canada 869 

VadnaisLake 881 

Pleasant  Lake 891 

White  Bear  Lake 923 

Bald  Kagle  Lake 90i? 

Clearwater  Lake,  Centcrville 885 

Clear  Lake,  f  mile  southwest  of  Forest  Lake 889 

Forest  Lake,  24  miles  north  of  St.  Paul 900 

MINNEAPOLIS  AND  VICINITY. 

[Iffostly  from  profllen  in  the  odico  of  Andrew  Rinkor,  city  enfrineer.] 

Feet  above  tbe  nea. 

Zeroof  city  levels..'...?. 708-64 

*l»88i»8ippi  River,  crest  of  St.  Anthony  FallH,  ordinary  stage  of 
^ater  held  by  dams,  794  ;  highest  stage  of  llowage  by  dams,  796 ; 

*i>ghe»t  stage  of  floods,  802 794-802 

8*me,  close  below  the  falls,  under  the  east  end  of  the  St.  Paul,Min- 

neapolia  and  Manitoba  stone  arch  bridge 739-743 

^^^1  1  mile  below  the  falls,  under  the  St.  Paul  and  Northeni 

J.  ^»ci6c  bridge 720 

PI*,  ^ul,  Minneapolis  and  Manitoba  (union)  depot 810 

J'jucago,  Milwaukee  and  St.  Paul  depot,  Washington  avenue 826 

Jj'^  snspension  bridge,  roadway  at  abntmi^uts  and  center 832-835 

"^^  steel  arch  bridge,  roadway,  rising  3  feet  from  abutments  to 

center  over  the  pier 833-836 

^^^  bottom  of  pier,  777 ;  top  of  same,  of  capstone  beside  the  road- 

g^ay 837 

^^\  bed  of  river  (gravel),  784 ;  ordinary  stage  of  water 794 

*»a«hington  avenue  bridge  over  Basaett's  Creek 818 

j^ruection  of  Hennepin  and  Lyudale  avenues 854 

'^klin  avenue,  at  intersection  of  Nicollet  avenue,  873 ;  of  Fourth 

avenue,  862;  of  Cedar  avenue 839 

University  avenne,  at  intersection  of  Central  avenue,  837 ;  of  Four- 
teenth avenne  8£ — 827 
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Feet  ftbove  the 

State  UniYerfiity,  about.... 845 

Intorsectiou  of  Monroe  street  and  Broadway,  NE 843 

Southwest  end  of  Hennepin  avenne,  on  Thirty-sixth  street,  at  gate 

of  Lakewood  Cemetery 879 

Top  of  highest  hill  in  Lakewood  Cemetery,  site  of  deep  boring 

(unsnocessful)  for  artesian  well,  1834-^85 8SK> 

Cedar  Lake 857 

Lake  of  the  Isles 852^ 

Lake  Calhoun 852 

Lake  Harriet 845 

(The  elevations  of  this  Aeries  of  four  laked  in  the  southwest 

part  of  Minneapolis  were  all  taken  the  same  day  in  October, 

at  their  stage  of  low  water.    The  maximiun  depth  of  Lake 

Harriet,  said  to  be  the  deepest  of  these  lakes,  is  80  feet. ) 

Lake  Minnetonka  (maximum  depths,  40  to  70  feet)  ordinary  stage, 

927-8 ;  low  and  high  water 925-929 

NORTHEASTERN  MINNESOTA. 

[Mostly  determined  barometrically  by  Prof.  N.  H.  Wlnchell,  State  geologist-.] 

LAKE  SUPERIOR  TO  VERMILION  LAKE  (a). 

[From  the  Ninth  Annual  Report  of  the  Geological  and  Natural  History  Survey  of  MlnnORota; 
corrected  apnroxiinately  by  comparison  with  series  b  and  c,  and  with  the  survey  of  the  Daluth  and 
Iron  Range  Railroad.  1 

Feet  above  the  sea. 

Lake  Superior 602 

Summit  of  the  portage,  5  miles  from  Grand  Portage  village 12B4 

Pigeon  Kiver,  at  north  end  of  this  portage 1199 

South  Fowl  Lake 14:J5 

Hills  near  this  lake 1760-lttCO 

North  Fowl  Lake   1439 

Moose  Lake 1487 

Hill  H  miles  southwest  of  Moose  Lake 1970 

Mountain  Lake 1652 

Hill  south  of  the  narrows  of  Mount.ain  Lake '. 2003 

Watershed  between  Pigeon  and  Arrow  Rivers  on  the  international 

boundary 1670 

Rove  Lake 1649 

Daniels  Lake 1621 

Birch  Lake 1645 

Hungry  Jack  Lake 1652 

Bearskin  Lake 1680 

Fanny  Lake 1672 

Lake  Miranda 1733 

Pine  Lake 1454 

McFarland's  Lake '..j....  1453 

John  Lake 1452 

Caribou  Lake 1549 

Clearwater  Lake 1661 

(Mountain  Lake,  determined  from  the  last,  was  found  to  be 

1,656,  proving  approximate  accuracy  for  the  circuit  of  the 

ioregoing  15  observations.) 

Mnd  or  Rose  Lake 1500 

Rat  Lake 1506 

South  Lake 1535 

North  Lake,  also 1536 

Watershed  between  Sonth  and  North  Lakes,  i.e.,  between  the  basins 

of  Lake  Superior  and  Lake  Winnipeg 1573 

GunfliutLake 1530 

Bankh's  Pine  Lake 1385 

Saganaga  Lake 1368 

Otter  Track  Lake 1326 

Knife  Lake 1322 

Maple  Leaf  Lake.. 1319 

Sucker  or  Carp  Lake 1289 

Basswood  Lake 1244 

Kawasachong  or  Fall  Lake •  1262 
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Feet  aboTo  the  haa. 

Long  Lake 1325 

Bornl^side  Lake .v 1:556 

Mud  Lake 1370 

Yennilion  Lake..... « •  1357 

nke  Riyer  above  its  third  rapids 131K) 

LAKE  STXPBSIOR  TO  HXJK6RT  JACK  LAKE  (b). 

\Tnm  the  Tenth  aBoiud  report  of  the  Geological  and  Natural  History  Survey  of  Minnesota  (with 
Plate  II)  i  corrected  approximately  by  oomparisou  with  eeries  d.] 

Feet  above  the  Bca. 

LakeSap^rior G02 

Sammit  If  miles  from  Grand  Marais  on  the  trail  to  Rove  Lako 1387 

Sommit  1^  miles  from  Grand  Marais  on  tho  "  Iron  Trail '' 1GG5 

Lake  at  head  of  the  South  Branch  of  Devil's  Track  Hi ver ^  1617 

Devil's  Track  Lake 1647 

Watershed  between  this  and  Tamarack  Lake 1750 

Tamarack  Lake *. 1715 

Owl  Lake 1731 

Little  Pine  Lake 1737 

Clabfoot  Lake 1756 

Roond  Lake 1791 

LakeAbita 1U32 

BrQl€  Mountain i>044 

Lakes  of  Bml6  River  north  of  this  mountain ^ 1538 

Little  Lake  (south  of  the  Misquah  Hills) 1782 

Hills  surrounding  Little  Lake,  about 12000 

Little  Trout  Lake 1855 

MisqoahLake 1840 

Miaqoab  Hills,  northeast  and  east  of  Misquah  Lake 2300-2400 

Cms  Lake 1810 

Korth  Bml^  Lake 171)9 

Caribou  Lake 1821 

LittieLake  (north  of  the  Misquah  Hills) 1824 

PopUir  Lake 1804 

Dock  Lake 1827 

Portage  Lafce 1817 

Iron  aod  Mayhew  Lakes 1796 

Hsngry  Jack  Lake 1652 

SAGAKAOA  LAKE  TO  LAKE  SUPERIOlt  (e). 

n^om  the  Tenth  annnal  report  of  the  Geoloji^ical  and  Natural  Hlatory  Survey  of  Minnesota  (with 
f*if  I):  atftrting  with  the  elevation  of  Saganaea  Lake  from  seriea  a,  and  oorrecte<l  approximaU)ly 

fcf  tbelevation  of  Lake  Superior  j              *  "^                                                              i  f  j 

Feet  above  tho  sea. 

5f«M*g»Lake 1:«)8 

Town  Line  Lake 1451 

I^Siahkie  Mnncie  (or  Kingfisher)  Lake 1461 

Twin  Peaks,  south  of  Ogishkie  Muncte  Lake,  about 1950 

*^<«Lake 1509 

™«AgemokLake 1568 

^bbemichigomog  Lake 1578 

Crooked  Lake 1585 

Little  Saganaga  Lake 1593 

f«t-and- West  Lake 1599 

jfwerLakein  Frog  Rock  River 1609 

3>perLake  in  Frog  Rock  River 1626 

Watershed  between  this  and  Mesabi  Lake „  1776 

*«jabiLake 1681 

^ui«  west  and  south  of  Mesabi  and  Duck  Lakes.about 1875 

?M«kLake 1691 

L^ke 1756 

J^JodLake 1816 

Spotted  Rook  Lake 1863 

««sabl  Ranire  south  of  Snotted  Rock  Lake 2019 

XonngSawbillLake.../. i797 

**tLake 1802 

Botttwood  Lake 1782 
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Feet  alMve  the 

Temperance  River  Lake .".— . 

Lake  in  Poplar  River ^ 

Square  Lake 

Small  Lake .T. •.. 

Camp  Lake 

Smoke  Lake 

Sunrise  Lake 

Rice  Lake 

Big  Lake ^. 

Sucker  Lake 

Lake  Superior 

LAKE  SUPESIOR  TO  IKON  LAKB  (d). 

[Barometric  obsenratlons  by  E.  LoM.  Iloare  in  a  reconnaissance  for  a  propnsccl  raflroarl,  as  n 
in  the  Tenth  annnal  report  of  the  Greoloji^ical  and  Natural  History  Survey  of  Minnesota,  p.  85  ( 
Plate  II)  \  corrected  approximately  by  comparison  with  series  h.\ 

Feet  above  the 

Lake  Superior 

South  Branch  of  Devil's  Track  River • 

DeviFs  Track  River 

Devil's  Track' Lake 

Summit  north  of  the  Twin  Lakes,  in  the  SW.J  of  Sec.  25,  T.  63.  R. 

1  W 

Iron  and  Mayhew  Lakes 

RAINY  LAKE  TO  KNIFE  FALLS  ON  THE  ST.  LOUIS  RIVEIL 

[From  the  notes  of  Col.  C.  Whittlesey  and  Prof.  N.  ft.  Winchell ;  referred  to  sea  level  approxim 
by  leveling;  by  S.  J.  Dawson,  compared  with  the  OanaUisu  PaciGc  Railway,  and  by  tiio  cleva 
of  Vermilion  Lake  and  the  Embarras  River  determined  in  tlio  snrvoy  of  the  Dnhith  and 
RsDge  Railroad.] 

Feet  above  the 

Rainy  Lake,  low  and  hip:h  water,  about  1115-1120;  mean 

Namekanor  Sturgeon  Lake • 

Saud  Point  Lake  in  Vermilion  River,  about 

Crane  Lake  in  Vermilion  River,  about 

('*From  marks  observed  ou  Crane,  Sand  Points,  Neniakan,  and 
Raioy  Lakes,  their  waters  appear  to  rise  at  some  seasons  to 
about  5  feet  above  their  present  level."  [This  was  Sept.  5-1), 
1848. ]— Norwood  in  Owen's  Report  of  a  Geological  Survey  of 
Wiscousin,  Iowa,  and  Minnesota,  pp.  :U8, 319. 
Crane  Lake  portage,  close  above  Crane  Lake,  has  an  ascent  of 
35  feet  in  1  mile ;  and  another  portage  a  mile  long,  close  below 
Rash  Lake,  ascends  78  feet.) 
Rnsh  Lake  in  Vermilion  River,  8  miles  below  Vermilion  Lako, 

abont 

Vermilion  Lake 

Pike  River  at  the  northwcHt  end  of  the  portage  to  Einbanas  River, 

about 

Summit  of  portage,  abont 

Embarras  River  (lake- like)  at  the  southeast  end  of  this  portage, 

about 

Lake  about  5  miles  long  and  \  mile  wide,  having  its  mouth  at  th« 

Squagemaw  bridge  (in  Sec.  5,  T.  58,  R.  15),  about 

Mesabi  Range  on  both  sides  of  this  lake,  extending  £NE.,  (named 
**  Giant's  Range"  byProf.N.H.  Winchell  in  his  Thirteenth  annual 

report,  Minnesota,  p.  22) 1750- 

(Where  the  Embarras  River  intersects  the  Mesabi  (or  Giant's) 
Range,  it  consists  of  a  series  of  six  or  seven  long  and  narrow 
lakes ;  indicating  that  a  larger  river  flowed  here  daring  the  re- 
cession of  the  ice- sheet,  its  deeply  eroded  channel  having 
since  been  partially  filled  by  alluvium  from  tributaries.) 

Lake  next  below  the  Squagemaw  bridge,  about 

Second  lake  below  this  bridge,  ''separated  by  narrows  like  a  river 

into  two  parts,"  about 

Eshquagema  (Squagemaw,  i.e., last)  Lake,  abont 

St.  Louis  River  at  mouth  of  East  Savanna  River  (Whittlesey) 

Prairie  Lake,  9  miles  south  from  the  last  (Winchell), abont 

Head  of  rapids  above  Knife  Falls,  St.  Louis  River 
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Giant's  Range,  abont  15  miles  sontbeast  of  Yermilfon  Lake  (acoord- 
'mg  to  Prof.  N.  U.  WiDcbell),and  extending  thence  east-north- 
eastward  to  the  north  side  of  Gnnflint  Lake 

Mesabi  Range,  abont  20  miles  sontbeast  of  Vermilion  Lake  (Wiu- 
ehell)  and  extending  east-nortbeastward  to  the  watershed  be- 
tween Sonth  and  North  Lakes,  attaining  the  highest  elevation  in 

tlie  State 

The  MiEqnab  Hills,  2,300  to  2,400  feet  (p.  185),  are  outliers  of 
this  range  several  miles  sonth  from  its  main  course,  which 
passed  from  Sontb  and  North  Lakes  eastward  to  Mountain 
Lake. 

Siwteeth  Mountains,  near  the  shore  of  Lake  Superior,  from  Tem- 
perance River  to  Grand  Marais 

Carlton's  Peak,  one  of  the  Sawteeth  Mountains^  1,542(0 wen), 
1,529  (Hall). 

Gnat  Palisades  ( Bayfield,  quoted  by  Whittlesey) 

Wooded  region  of  the  Upper  Mississippi  River 

Wooded  region  between  Cass  Lake  and  the  Lake  of  the  Woods.... 

Lowest  part  of  the  watershed  between  Lake  Winnebagoshish  ( 1 ,290) 
and  Bowstring  Lake  (1,321),  on  the  head  stream  of  the  Big  Fork 

of  Rainy  River  (Whittlesey) 

Bowstring  Lake,  iu  its  highest  stage,  is  said  to  have  "  water 
connection  "  to  Lake  Winnebagoshish  (Ninth  An.  Rep.,  Minn., 
p.  194). 

Lowest  part  of  the  watershed  between  Turtle  Lake  and  Red  Lake, 
only  11  feet  above  Cass  Lake  (Whittlesey) 

Adjacent  hills  are  72  feet  higher 

lUwaLake 

Wooded  morainic  hills  sonth  and  west  of  Lake  Itasca 

Termioal  moraine  at  White  Earth  Agency 

Same,  esist  of  Detroit 

Same,  east  of  Lake  Lida 

Same,  east  of  Fergus  Falls 

Leaf  Hills 

Terminal  moraine  bordering  Lake  Whipple  (1,135),  at  Glen  wood.. 

Blue  Moands,  Pope  County 

Sanimit  of  highland  in  the  northeast  partof  Langbei,  Pope  County, 
abont  

Morainic  hills  snrrounding  Lake  Minnetonka  (9*27),  about 

Kiester  Hilbi,  Faribault  County 

BlDelfoauds,  Cottonwood  County 

Cotean  des  Prairies,  iu  Pipestone  and  Lincoln  Counties 

Red  River  flat  at  St.  Vincent „. 

Same,  at  month  of  Red  Lake  River  (Grand  Forks) 

8«oe,  atMoorbead  and  Fargo 

Same,  at  Breckenridge  and  Wabpeton 

I*niiric8  of  the  Minnesota  Valley 

Same,  of  Waseca  and  Steele  Counties 

^oe,  of.Freeboin  and  Mower  Counties 

^^ley  lands  of  the  Mississippi  River  and  its  tributaries  in  Houston, 
Filimore,  Winona.  Wabasha,  and  Goodhue  Counties 

Upland  prairies  of  toe  same  counties 

MORAINIC  BELTS  IN  IOWA. 

^nninal  moraine  in  Worth  and  Winnebago  Counties 

jplotMonnd,  Hancock  County,  about 

Jennioal  moraine  extending  thence  northwest  t.o  Fairmont,  Minn. 

S*me^  west  to  Lake  George 

Sime,in  Wricht  and  Franklin  Connties 

S*me,  in  Hardin  and  Hamilton  Counties 

Mineral  Ridge,  in  northern  Boone  County,  about 

*«nniDal  moraine  in  Guthrie  and  Carroll  Connties 

Same,  in  Sac  and  Bnena  Vista  Counties 

Same,  in  Palo  Alto,  Clay,  Emmet,  and  Dickinson  Counties 

Spirit  Lake,  1,395;  morainic  hills  west  of  same 

Terminal  moraine  in  northeastern  Osceola  County 


Feet  above  the  sea. 
1800-2200 

1800-2400 


1300-1700 


1055 
1200-1600 
1400-1100 


1322 


1311 

laK*} 

14(J2 

1500-1700 

1600 

1450-1500 

1425 

1300 

1400-1750 

1250-1400 

1250-1300 

1350 

1000 

1300-1400 

1450-1525 

1850-1960 

785-790 

830 

900-905 

960 

1000-1200 

iioo-i:wo 

1200-1400 

640-900 
1000-1300 


1250-1350 
1425 
1325-1225 
1250-1300 
1350-1200 
1250-1150 
1200 
1200-1325 
1275-1500 
1300-1600 
1475-1525 
1550-1675 
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PLATEAUS,  HILLS,  AND  LAKES  IN  SOUTH  AND  NORTH  DAKOTA. 

•  Feet  above  the  aea. 

Cotean  des  Prairies,  from  the  west  line  of  Lincoln  Connty,  Minn., 
to  its  northern  end,  called  the  Head  of  the  Cotean  des  Prairies, 
near  the  northeast  corner  of  South  Dakota,  35  miles  west  of  Lake 
Traverse -. 1900-2050 

Terminal  moraines  contiuning  thence  northward  through  North 

Dakota  to  Devil's  Lake  and  Turtle  Mountain,  mostly 1400-1600 

DeviPsLake,  low  and  high  water,  1880-1889 1430-1434 

(The  maximum  depths  of  the  hroad  parts  of  this  lake  are  40  to 
80  feet.) 

DeviPs  Heart  Hill  (determined  harometrically  by  Nicollet) 1722 

Snlly's  Hill  (according  to  Andreas'  Atlas  of  Dakota) 1707 

Stump  Lake  (maximum  depth,  75  to  100  feet),  7  miles  southeast  of 
DeviPs  Lake 1417 

Sweetwater  Lake  (5  to  20  feet  deep),  5  miles  north  of  the  city  of 
DeviPs  Lake... 1468 

Crest  of  the  First  Pembina  Mountain,  near  Walhalla,  the  eroded 
front  of  the  Pembina  delta  of  Lake  Agassiz 1175-1200 

Crest  of  the  Second  Pembina  Mountain,  a  great  escarpment  60  miles 
long,  forming  the  eastorn  margin  of  a  plateau  or  plain  of  the  Fort 
Pierre  shale 1400-1.500 

Turtle  Mountain  (according  to  Dr.  G.  M.  Dawson's  map) 2150 

Same  (according  to  profile  in  report  of  the  United  States  Bonndary 
Commission) 2000-2534 

Butte  St.  Paul,  highest  point  of  Turtle  Mountain,  700  feet  above 
the  general  prairie  level  (according  to  Andrca»'  Atlas  of  Dakota).  2300 

Bear  Butte,  Turtle  Mountain  (Andreas) 2200 

Terminal  moraine  from  the  head  of  the  Coteau  des  Prairies  to  the 
Cotean  du  Missouri,  in  Codington,  Hamlin,  Brookings,  and  Lake 
Counties,  South  Dakota 1800-1900 

Coteau  dn  Missouri,  thence  northward  to  the  Northern  Pacific 
Railroad 180D-2200 

Same,  in  the  northwest  part  of  North  Dakota  and  on  the  interna- 
tional boundary  1 2000-2400 

BLA.CK  HILLS. 
[From  Newton  ud  Jenney*8  Report  on  the  Oeolofcy  and  ^eaonrces  of  the  Black  Hills  of  Dakota,  1880.  J 


Feet  above  tlie 

Harney  Peak,  highest  point  of  the  Black  Hills 7.368 

Crook  Tower 7325 

Terry  Peak 7215 

Custer  Peak 6932 

Warren's  Peak  (Jenney  in  Gannett 's  Dictionary  of  Altitudes) 6900 

Inyan  Kara,  6,870  (p.  553,  but  6,563  on  p.  552). 

(The  heights  of  these  peaks  above  adjoining  valleys  at  their  base 
are  1,000  to  2,000  feet.) 

Jonotion  of  the  South  and  North  Forks  of  the  Cheyenne  River  ....  2470 

ON  THE  INTERNATIONAL  BOUNDARY. 

[From  reports  of  N.  H.  Winohdl,  H.  7.  Hind,  G.  M.  Dawson,  B.  G.  MoConnell,  and  tboTTnif^d  Statoa 
Korthon  Boundary  Commission ;  referred  to  sea  level  by  comparison  with  railway  surveys.] 

Feet  above  the  sea. 

Lake  Superior,  low  and  high  water,  599-604 ;  mean 602 

Mountain  Lake,  at  head  of  Pigeon  River 1652 

South  Lake,  at  head  of  Arrow  River 15:55 

Water  divide  on  the  boundary,  between  South  and  North  Lakes.; .  1573 

North  Lake,  at  head  of  waters  draining  to  Rainy  Lake • 1535 

GnnflintLako i.  1530 

Saganaga  Lake 136H 

Otter  Track  Lake 1326 

Knife  Lake 1322 

Basswood  Lake 1244 

Lac  la  Croix  (or  Nequanqnon  Lake) 1186 

Namekan   Lake... 1126 

RAJnj  Lake,  low  and  high  water,  1115-1120;  mean 1117 
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Feet  above  the  sea. 

Lalce  of  the  Woods,  low  and  high  water,  1057-1063 ;  moan 1060 

Ridi^e  12  miles  farther  west,  formins  the  watershed  ou  the  bound- 
ary between  the  Lake  of  the  Woods  and  Rodeau  Lake 1088 

Moakeg  (swamp),  forming  other  parts  of  this  watershed,  aboat..  1075 

Pino  River 1047 

Bosean  Lake,  about 1040 

KidgeS  miles  west  of  Pine  River 1070 

Bosean  River  at  Pointe  d'Ornie 976 

Bklge  20  miles  east  of  the  Red  River 1016 

Ridge  12  miles  east  of  the  Red  River 848 

Emerson 790 

Red  River,  low  and  high  water,  747-787 ;  otdiuary  stage •  752 

Gietna 829 

Pembina  Mountain,  base  and  top 1030-1500 

Pembina  River,  approximately 1125 

General  level  of  the  adjoining  country,  about 1540 

Lac  des  Roches  in  North  Dakota  and  divide  between  this  lake  and 

Badger  Creek  in  Manitoba,  about 1520 

Turtle  Mountain  (accordiuj^  to  Dr.  O.  M.  Dawson's  map) 2150 

Same  (according  to  profile  in  report  of  the  United  States  Boundary 

Commission) 2000-25:M 

8ouri6  River,  first  crossing,  about..... 1400 

&ime,second  crossing,  about 1650 

Cotean  dn  Missouri,  base  and  crest .: 1900-2140 

Wood  Mountain,  highest  portion  on  the  boundary , 2950-:i075 

Same,  north  of  the  boundary '3'X)0 

White  Mud  River 2550 

Boaudarv  Platean 3000-3250 

East  Fork  of  Milk  River 2790 

Wild  Horse  Lake 2850 

Milk  River,  probably  about 2600 

We»t  Bntte,  the  highest  of  the  Sweet  Grass  hills  or  Three  Buttes..  648:) 

EsstBntte 6200 

Trail  from  Fort  Benton  to  Fort  MacLeod :i548 

North  Branch  of  Milk  River  1  mile  u(»rth  of  the  boundary,  long.  113^  4173 

Eastern  base  of  the  Rocky  Mountains,  long.  1 13^  25',  about 4500 

Waterton  Lake  (or  Chief  Mountain  Lake),  crossed  by  the  bound-" 

ar}'  in  long.  113^ 52^  in  the  east  edge  of  the  Rocky  Mountains 4245 

Bocky  Mountains,  summits  in  the  vicinity  of  this  lake,  ou  the  con- 
tiueutal  watershed 7500-10500 

MANITOBA  AND  ADJOINING  PARTS  OF  BRITISH  AMERICA. 

NORTH,  NORTHKAST,  AND  NORTHWEST  OF  LAKE  SUPEKIOli, 

ploiUy  firom  reports  of  the  Geologloa]  and  Natural  History  Survey  of  Cana«1a ;  in  part  oorrcoted  ap* 
proximately  by  comparison  with  the  sarvoy  of  tho  Canadian  Pacific  Railway.] 

Foet  al)ove  the  sea. 

lAke  Superior 602 

McKay's  Mountain  (Bayfield,  quoted  hy  Whittlesey) 1824 

Moantains  west  of  Thunder  Bay  (S.  J.  Dawson ) I(j00 

Thunder  Cape,  east  of  Thunder  Bay  (S.  J.  Dawson) IJfeO 

Monut  Cambridge,  on  St.  Ignace  Island,  south  of  Nepigon  Bay,  not 

thehighest  point  of  the  island  (Agassiz),  about 1600 

aakabeka  Falls,  aecording  to  Keating  and  AgassiK,  have  a 
yettioal  descent  of  about  130  feet,  the  breadth  of  the  Kaniin- 
istiquia  River  there  being  about  50  yards,  as  stated  by  Keat- 
ing, bnt  about  150  yards  by  Agassiz.  Captain  Palliser,  who 
▼isited  this  fall  June  18, 1857,  reports  it  as  115  feet  high,  with 
*l>readth  of  335  feet.  Leveling  by  8.  J,  Dawson  in  August, 
^Tf  fonnd  this  fall  and  the  rapids  below  together  119  feet, 
yf  this  the  rapids,  three-fourths  of  a  mile  long,  are  about  14 

"^  falls  of  Pigeon  Biver,  on  the  international  boundary,  are 
Jj*ted  by  Hind  to  be  120  feet  high;  this  probably  includes 
^be  rapids  below  to  Lake  Superior.    Norwood  says  it  **do- 

T  1.  I^^^  perpendicularly  60  feet."  . 

^*»Hurta8afni.  about 1350 


«*«iaMmi,  about 

VeoondlDgs  in  this  lake  show  a  depth  of  374  feet. 
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(dull.  73. 


Lake  Mistassinis  (Little  Mistassini),  east  of  the  foregoing,  aboat.. 

Lake  Abittibi,  abont ^ 

Heij^lit  of  land  portage  south  of  the  east  end  of  Lake  Abittibi,  on 

the  rente  to  Lac  des  Quinze  on  the  Ottawa  Hiver,  about 

Lake  Nipinsing  (Canadian  Pacific  Railway,  from  Dr.  Bell) 

Missinaibi  Lakcj  near  the  head  of  Missinaibi  Biver,  the  western 

branch  of  the  Mooho  River  system,  abont 

''Missinaibi  Lake  bears  6.  48^  W.,  is  24  miles  long,  nearly 
straight,  and  varies  from  ^  to  li  miles  in  width."  (Bep.  of 
Prog.,  Can.,  1875-76,  p.  330.) 

Crooked  Lake,  close  southwest  of  Missinaibi  Lake,  aboat .-. 

"  It  is  8^  miles  long,  and  averages  less  than  a  quarter  of  a  mile 
in  width." 
Height  of  Land  Portage  between  Crooked  and  Dog  Lakes,  approx- 
imately  • 

Dog  Lake,  about  Ifuot  above  the  next 

Mattagaming  or  Mattawagamiug  Lake,  on  the  Upper  Michipicoten 

Bivor  (Canadian  Pacific  Railway',  from  Dr.  Bell) 

Lake  Manitowick,  on  Michipicoten  Biver,  about 

McKay's  Lake,  at  the  head  of  Pic  Biver,  12  miles  long  and  2^  miles 

wide 

Kenogami  or  Long  Lake,  at  head  of  Kenogami  Biver,  tributary  to 

Albany  Biver  (Canadian  Pacific  Bailway,  from  Dr.  Bell) 

This  lake  is  54|  miles  long,  and  is  mostly  Ax>m  ^  mile  to  2 
miles  wide. 

''  The  average  breadth  of  the  main  section,  46  miles  in  length, 
found  by  taking  the  mean  of  15  measurements,  at  equal  dis- 
tances, is  104  chains,  or  a  little  over  a  mile  and  a  quarter.'' 
(Bep.  of  Prog.,  Can.,  1871-*72,  p.  3:J6.) 

Dr.  Bell  states  in  a  letter  that  the  summit  crossed  by  the 
Height  of  Land  Portage  close  south  of  this  lake,  and  leading 
from  it  to  Black  Biver,  is  about  70  feet  higher,  being  there- 
fore approxi  niately  1, 102  feet  above  the  sea.  This  portage  ''  is 
about  i  mile  long,  and  is  over  an  accumulation  of  well- 
rounded  bowlders  with  gravel  and  earth  filling  the  interspaces 
in  part ;  at  other  parts  the  bowlders  are  piled  on  each  other 
quite  naked.*  The  valley  between  the  rocky  walls  is  about 
half  a  mile  wide.  The  surface  is  somewhat  level  and  there  is 
a  subordinate  valley  or  depression  sweeping  around  on  the 
west  side  between  the  bulk  of  the  accnmulation  of  bowlders 
and  the  rocky  bluff  on  that  side."  The  ancient  water  course 
thus  described  west  of  the  portage  is  probably  only  a  few 
feet  above  Kenogami  Lake,  having  very  nearly  the  same 
elevation  as  the  divide  between  the  Missinaibi  and  Michipico- 
ten Bivers.  Both  these  low  points  of  the  watershed  were 
doubtless  occupied  by  rivers  outfiowing  from  glacial  lakes 
on  the  north  during  the  recession  of  the  ice  sheet. 
The  following  (to  Mountain  Lake,  inclusive)  are  northwest  of  Long 
Lake  House,  which  is  at  the  north  end  of  Kenogami  or  Long 
Lake: 
Mauitou-namaig  Lake,  about  18  miles  long,  and  from  12  rods  to  1^ 

miles  wide 

Bound  Lake,  half  a  mile  from  the  last,  also 

Muddy  Lake 

Flemin&:'s  Lake 

Ka-wa-kash-ka-ga-ma  Lake 

Egg  Lake 

Mountain  Lake 

Lake  Nepigon  (540  feet  deep  near  Echo  Bock) 

Groat  Dog  Lake,  25  miles  northwest  of  Thunder  Bay 

DeproHsiouH  in  the  line  of  watershed  northwest  of  Lake  Superior  .. 

Lac  des  Mille  Lacs 

Shebandowan  Lake,  southeast  of  the  last  (S.J.  Dawson) 

Kashaboiwe  Lake,  between  the  last  two  (S.  J.  Dawson) 

Lonely  Lake  (Lac  Seul) 

This  altitude,  determined  independently,  probably  requires 
some  subtraction,  for  the  description  of  the  canoe  route 
from  Lonely  Lake  to  Lake  St.  Joseph  shows  that  the  latter 
ii  the  higher,  the  difference  being  apparently  20  feet  or  more. 


Feet  above  the  sea. 

1370 

857 

957 
638 

1020 


1038 


1042 
1026 

1025 
943 

1064 

1032 


1052 
1052 
1064 
1107 
1088 
1112 
1119 
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1485 
1465 
1494 
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Lake  St.  Joseph  (mean  of  ten  barometrio  observations  on  as  many 

day*) 

Lake  Ltansdowne,  near  the  head  of  the  Atta wapishkat  Bi  ver,  about . . 

Lake  Winnipeg,  mean 

Low  and  high  water,  approximately 

Lake  St.  Martin  (maximum  depth  18  feet) 

Lake  Manitoba,  mean,  809;  low  and  hiffh  water,  approximately. .. 
Lake  Winnipegosis,  mean,  828 ;  low  and  nigh  water,  approximately. 

Lake  Danpbin 

Swan  Lake  (mean  depth,  6  feet),  about 

Watershed  between  Lake  Winnipegosis  and  Cedar  Lake 

Cedar  Lake,  on  the  Saskatchewan 

Bolte  St.  John,  the  highest  point  of  Turtle  Mountain  iu  Manitoba 

(Andreas) 

Pembina  Mountain,  crest  of  the  escarpment 

Tiger  HiUs 

Big  Ti|;er  Hill,  north  of  Lang's  Valley,  about 

Brandon  Hills ■ 

(The  four  preceding  are  from  the  United  States  6«k>logical  Sur- 
vey of  Lake  Agassiz.) 

Siding  Mountain,  about 

Duck  Mountain 

TbonderHill 

Porcapine  audPasqnia  Hills,  about 

Lons  Lake,  west  of  Last  Mountain ^ 

xhis  lake  extends  about  50  miles  from  north  to  south,  varies 
firom  f  of  a  mile  to  2  miles  in  width,  and  is  inclosed  by  blufis 
about  250  feet  bigh. 
Island  Lake,  about  125  miles  east  from  the  north  end  of  Lake  Win- 
nipeg, estimated   • 

Tbt*  tihores  and  islands  of  this  lake  abound  in  low  outcrops  of 
Archean  rocks ;  but  the  surronndiug  laud  is  for  tbo  greater. 
part  nearly  level  till,  which  *'  h:ui  an  average  elevation  above 
the  water  of  apparently  less  than  50  feet.''  Dr.  Bell  writes: 
''Tbis  lake  is  very  appropriately  named,  being  literally  filled 
with  islands  in  every  part.  Tbe  aggregate  area  of  these 
islands  is  apparently  us  great  as  that  of  the  water  surface. 
The  number  probably  amounts  to  several  thousands." 

Wintering  Lake 

landing  Lake 

Tbe  two  foregoing  are  north  of  Sipi-wesk  Lake  and  west  of  the 
Nelson  River. 
Cbtirchill  River,  105  miles  from  its  mouth,  in  the  direction  S.  33° 

W.(astr.),  at  the  mouth  of  the  Little  Churchill  River 

Was-kai-ow-a-ka  Lake,  at  the  head  of  the  Little  Churchill  River.. 

Charehill  River,  23  miles  above  the  mouth  of  the  Little  Churchill. 

flog  portage,  from  the  Churchill  River  to  the  Lake  of  the  Woods, 

at  tbe  head  of  a  chain  of  lakes  and  streams  flowing  southward 

to  tbe  Saskatchewan,  estimated 

The  following  altitudes,  from  Isle  ^  la  Crosse  Lake  to  Lake  Ath- 
slMBca,  which  are  here  noted  as  determined  by  Sir  John  Richard- 
MD  (Arctic  Expedition  iu  search  of  Sir  John  FraukJiu),  probably 
VMlQire  an  average  addition  of  about  200  feat : 

Ue^la  Crosse  Lake,  on  the  Churchill  River 

Thence  southward  to  Carletou  House  on  the  North  Saskatche- 
wan, about  70  miles  above  the  junction  of  the  Sonth  and 
North  Ssiskatchewan  Rivers  [estimated  1,200  feet  above  the 
sea],  Richardson  rei)orts  a  descent  of  about  200  feet,  across 
'*an  undulating  country,  but  without  any  marked  acclivity." 
Professor  Macoun  states  that  Isle  k  la  Crosse,  Clear,  aud  Buf- 
falo Lakes  '*  are  on  the  same  level,"  being  stagnant  water 
filled  with  green  scum  in  summer. 

Methy  Lake  or  Lac  la  Loche 

Suae,  according  to  Captain  Lefroy,  cited  by  Richardson 

Soumit  of  Methy  portage  (also  called  Portage  la  Loche  and  the 
LoDg  Portage),    on  the  watershed  between  the  Churchill  and 

Athabasca  Rivers 

The  *•  Coxcomb,"  on  this  portage  at  the  crest  of  the  bluff  descend- 
ing to  the  Clearwater  River,  tributary  to  the  Athabasca 


Feet  above  the  sea. 
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Clearwater  Hi vor  at  the  north  eud  of  this  portage 

Lake  Athabasca a 

Altitudes  determined  by  Dr.  G.  M.  Dawson  show  the  present 
height  of  the  glacial  lake  bed  now  drained  by  the  Peace 
Biver,  and  of  its  probable  first  aveuaes  of  oatilow  southeast 
to  Lake  Agassiz,  as  follows: 

Peace  Biver  at  Dunvegan 

Top  of  river  bluff  1  mile  from  Dunvegan •• 

Geueral  level  of  the  country  in  this  vicinity 

Area  of  lacustrine  silt  in  the  basin  of  the  Peace  Biver 

The  valley  of  this  part  of  the  river,  800  or  900  feet  deep,  is 
eroded  in  a  vast  plain,  from  which,  according  to  Bichard* 
son,  ''the  Bocky  Mountains  are  not  visible,  and  no  range  of 
hills  meets  the  eye." 

Watershed  between  Peace  Blver  and  Lesser  Slave  Lake 

Watershed  between  Tow-ti-now  Biver,  a  tributary  of  the  Atha- 
basca, and  the  North  Saskatchewan,  on  the  trail  from  Athabasca 
Landing  to  Edmonton 


Teet  above  the 

900  fllOO] 
GOO  [800] 


1300 

2100 

2200 

2000-2500 


2430 


2485 


llEGION  OF  THE  CYPRESS  HILLS,  WOOD  MOUNTAIN,  AND  ADJOINING  COTJNTBY. 

[FromR.  G.MoConnell,  in  the  AudoaI  Report  of  the  Geological  and  Natural  EUatoij  Survey  of 
Canada,  for  1885.  The  original  flgtirea  are  hero  Increaaed  by  24  feet,  bocanse  they  are  rererred  to  ele- 
vations on  the  Canadian  Pj&oifio  l^ilway,  which,  aa  there  pnbliahed,  require  thia  addition.] 

Feet  above  the  aea. 

Cotean  du  Missouri,  east  of  the  south  end  of  Old  Wives'  Lake 2394 

Same,  at  Secretan 2282 

Same,  in  the  Vermilion  Hills,  south  of  the  South  Saskatchewan 

River 2254 

Same,  in  the  lakelet-sprinkled  plateau  north  of  this  river,  in  Ts. 

21  to  24,  Es.l0tol4 2000-2300 

Wood  Mountain 3000-3350 

East  part  of  the  Cypress  Hills  3800-4243 

The  Gap  from  north  to  south  through  the  Cypress  Hills 3744 

West  part  of  the  Cypress  Hills 4600-4867 

Upper  limit  of  glacial  drift  there,  about 4400 

Upper  limit  of  glacial  drift  on  the  Hand  Hills,  150  miles  northwest 
from  the  foregoing  (accordingto  J. B.Tyrrell,  Ann. Rep.,  1886,  p. 

145  E),  about 3200 

Upper  limit  of  drift  observed  by  Dr.  G.  M.  Dawson  on  the  West 
Butte  of  the  Sweet  Grass  Hills,  nearly  south  of  the  Hand  Hills, 
bein^r  close  south  of  the  international  boundary  in  longitude 

111°  30' 4660 

[The  surface  of  the  ice-sheet  thus  declined  here  from  south  to 
north  about  7  feet  per  mile,  unless  these  differences  in  eleva- 
tion of  the  upper  limit  of  the  drift  have  resulted  from  postgla- 
cial changes  of  level,  which  indeed  appears  to  be  the  more 
probable  explanation.  1 

South  Saskatchewan  River,  at  month  of  Red  Deor  River 1958 

Same,  in  T.  22,  R.  18,  long.  108°  27' 1782 

Same,  at  the  Elbow 1619 

Old  Wives'  Lake  (the  northern  lake) 2189 

The  northern  and  southern  lakes,  connected  by  a  sluggish 
creek,  have  probably  the  same  elevation. 

Many  Island  Lake,  25  miles  ENE.  of  Medicine  Hat 2304 

Big  Stick  Lake,  60  miles  ENE.  of  Medicine  Hat 2278 

Crane  Lake,  10  miles  SB.  ofthe  last 2444 

Cypress  Lake,  at  the  southeast  base  of  the  Cypress  Hills 3264 

Twelve-Mile  Lake,  at  the  northeast  base  of  Wood  Mountain 2479 

Devil's  Lake,  20  miles  west  from  the  Elbow  of  the  South  Saskatch- 
ewan River 1911 

(Many  other  elevations  are  also  given  in  this  report  and  the 
Accompanying  map.) 
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RBOION  OF  THE  BOW  AND  BELLY  RIYERa 

(From  Dr.  Greor^e  M.  Dawson  in  the  Report  of  Progresa  of  the  Geological  and  Natural  History  Sur- 
vey of  Canada  for  18^-83-81.  The«e  ai-e  from  liarometric  observations  referred  to  sealevfl  by  com- 
parison with  the  barometric  record  at  Fort  Benton.  Montana,  which  isassamed  toluivoan  ilovation 
of  2.700  feet.  At  Lethbridge  they  agree,  at  least  approximately,  with  the  Northwest  Coal  and  Navi- 
gation Company's  Bailway.  1 

*  Feet  above  the  sea. 

Confluencfrof  the  Bow  and  Belly  RiYers,  forming  the  South  Saa- 

katchewan  River 231i 

Bellv  River,  at  the  '*  Coal  Banks/'  Lethbrldge S27i7 

Old  Man  River,  at  Fort  MacLeod SOUG 

St.  Mary  River,  6  miles  north  of  the  49th  parallel 3850 

Watertou  River,  near  its  Junction  with  the  Upper  Belly  Rivor 3217 

Waterton  Lake,  crossed  by  the  international  boundary  in  long.  113^ 

Q2f,  in  the  east  edge  of  the  Rocky  Mountains 4245 

Lake  Pa-kow-ki,  45  miles  8SW.  of  Medicine  Hat 2T35 

Milk  River,  at  Pa-kow  kl  Coul6e,  4  miles  southeast  from  the  south 

end  of  this  lake 2816 

Same,  at  Verdigris  Coul^ 3065 

Same,  at  the  crossing  of  the  trai  1  from  Fort  MacLeod  to  Fort  Ben  ton .  3546 

Same,  20  miles  west  of  this  crossing 3720 

North  Branch  of  Milk  River,  1  mile  north  of  the  49th  parallel,  long. 

1130 4173 

(Many  other  elevations  are  also  given  in  this  report  and  the 
accompanying  map.) 

IN  HOBTHSRN  ALBERTA  AND  PORTIONS  OF  ASSINIBOIA  AND  SASKATCHEWAN. 

[From  J.  B.  Tyrrell  in  the  Annnal  Report  of  the  Geological  and  Natural  History  Survey  of  Canada 
lor  1888.  The  original  dsures  are  here  increased  by  24  feet,  because  thev  are  referred  to  elovationK 
on  the  Canadian  Paoiflc  Railwi^,  which,  as  there  pnblishod,  require  this  addition.] 

Foet  above  the  sea. 

Hand  Hills 3575 

Wintering  Hills 3250 

Medicine  Lodge  Hills A 3500 

Neutral  Hills,  broken  ridges  rising  westward  to  the  *'  Nose  " 2500-2990 

Beaver  Hill« 2500 

Blackfoot  Hills 2400 

Egg  Lake  in  T.56,  R.16^  near  Victoria 2021 

Birch  Lake 2164 

BfayerLake 2202 

HsMtingsLake 2404 

Cookiug  Lake 2424 

Wavy  Lake 2284 

Buffalo  Lake 2560 

Bear  Lake 2648 

Pigeon  Lake 2848 

Battle  Lake 2794 

Back  Lake 2994 

Gnlll^ke 2929 

Devil's  Pine  Lake 2934 

QoillLakos 2885 

BalUvanLake 2644 

gowlingLake 2r)87 

fKR  Lake,  in  the  Hand  Hills 71 21>94 

Littlft  Fish  Lake 2914 

Soumhng  Lake,  at  the  east  end  of  the  Neutral  Hills 2104 

^  Deer  River,  at  crossiuff  of  the  Rocky  Mountain  House  trail, 

near  the  mouth  of  Raven  Kiver 3l9iJ 

J^Jne,  at  the  ferry  on  the  trail  from  Calgary  to  Edmonton 2751 

8*me,  at  mouth  of  Tail  Creek,  ontlet  of  Bntfalo  Lake 2414 

^^t  *t  mout  h  of  Rosebud  or  Arrow-Wood  Creek 2254 

°^ioe,  at  the  Lome  crossing 2191 

Battle  KWer,  at  the  "  Leavings, ''  ou  the  trail  from  Calgary  to  Ed- 
monton   24S1 

Sanie,  Dried  Meat  Lake,  11  miles  long  and  about  i  mile  wide, 

through  which  the  river  flows... 2254 

2^)  at  the  El  bow,  the  most  sou  them  point  of  i  ts  con  rse 2150 

Same,  at  crossing  of  the  Fort  Pitt  trail,  southeast  of  the  Black- 
foot  Hilla 1718 

(Many  other  elevations,  including  those  of  the  North  Saskatchewan  River  prov  vo\x«\^ 
Botcd,  are  given  in  this  report  and  the  accompanying  map.) 
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MunnesoTA— oontiuaed. 
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GnhaB ....*..... 

GtIM 

Gnen 

GnU 

Gull,  Upper.... 

Gvnflint 

HwrM.. 

Bay,  Carlton  Co 

Hay,  Lower,  Caw  Co 

EacemDe 

Bendiicks 

BeroD • 

Born  ..••...•....■•••■... 
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MilleLaoa 

Miltona 

Minnetonka 

Mlnnewaahttt 
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Ogisbkie  Mnncie 

Okabena,  Baet 

Okabena,Weet 

OsakiB 

Otter,  MoLeod  Co 

Otter  Tail 

Otter  Track 

Owaaaa 

Owl 
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MINKB80TA— eontinaed. 
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Portage,  Cass  Co 

Portago.Cook  Co 

Prairie.  St.  Louis  Co 

Prior 

Qai  Parle,  Lao 

Bainy 

Bat,  Cook  Co.,  T.  02,  B.  5 

JW 

Bat^CookCo.,T.G5,  B.1 

W 

Bed 

Bed  Sand 

Boiling 

Beno 

Bioe,CookCo 

Bioe,  Lower... 

Bice,  Upper 

Bobinson 

Bock 

Bose 

Boseau 

Bound,  Cass  Co 

Bound,  Cook  Co 

BOTO 

Bush,  Chisago  Co 

Bush,  Otter  TaU  Co 

Bush,  St.  Louis  Co 

Sagauaga 

Sajianaga,  Little 

StCroir 

Biikata 

Sallie 

Sand,  Otter  Tail  Co 

Sand  Point 

Sandy,  Aitkin  Co 

Sandy,  llounepin  Co ... . 

Snndy,  Kamsey  Co 

Sha<lyOak 

Shnokatau 

Shell 

Shetok 

Smoke 
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171, 


m, 


60, 


184 

173 

61 

64 

185 

188 

148 

168 

185 

148 

185 

186 

86 

161 

186,188 

185 

184 
176 
140 

60 
162 
186 
176 
176 

60 

61 
184 
188 
140 
185 
184 

61 

173 

186 

184,185, 

188 

185 

122,158 

136, 160 

176 

71 
186 
140 

64 

^     183 

07,136 

162 

iro 

161 
186 


Feet  abore 
the 


1.454 

1,830 
1,075 

843 
1,737 

881 
1,275 

037 
1,804 
1,280 
1,817 
1,885 

007 

026 
1,117 

1,802 

1,606 
1.160 
1,201 

803 
1,400 
1,737 
1,450 
1,500 

008 

047 
1,500 
1,040 
1,105 
1,701 
1,040 

006 
1,320 
1,315 
1,368 

1,583 

672 

006 

1,330 

1,187 

1,145 

1,210 

.838 

860 

005 

1,750 

1,425 

1.475 

1,754 


South 

Spotted  Bock 

Squagemaw 

Square 

Star 

Sturgeon  (Kaniekan) . 

Sucker,  Cook  Co 

Sucker,  Lake  Co 

Sunrise,  Cook  Co 

Superior 


Swan,  HcLeod  Go 

Sylvan 

Tamarack 

Temperance  Birer. .... . 

Totonka 

Tiger 

Tokna 

Town  Line 

Traverse 

Trout,  LitUo 

Tulaby 

Turtle,  Otter  Tail  Co 

Twin,  Freebom  Co 

Twin,  Norman  Co 

Twin,  Bamsey'Co 

Yadnais 

Yermilion,  Cass  Co 

Yermilion,  St.  Louis  Co. 

Victoria,  Hennepin  Co. . 

ViUard 

Waverly 

West  Okabena 

Whipple  or  White  Bear, 

Pope  Co 

Whito  Bear,  Bamsey  Co 

White  Earth 

White  Fish 

Wind 

Winnebagoshish 

Winnebagofthish,  Little. 

Winona,  Douglas  Co 

Winsted 

Woods,  Lake  of  the 

Young  Sawbill 
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184,188 

185 

186 

186 

178 

171,186 

186 

184 

186 

14,18,40,59. 

62,    66,    02, 

128,124.147, 

184,185,186, 

188;  180 

182 

140 

185 

186 

186^160 

07 

00 

186 

87,174 

185 

176 

82 

187 

176 

60 

183 

140 

02, 171, 185, 

186 

82 

82,162 

82 

120 

32. 162 

58. 60, 6i. 

188 

170 

149 

185 

148 

148 

70 

182 

42, 171, 172. 

188 

185 


>lBetabo^« 
the 


1,635 
1.863 
1,820 
1.787 
1.850 
1,126 
1.61'/ 
1,288 
1.742 
60L56 


1,047 
1,201 
1,715 
1,760 


077 
1.001 
1,451 

072 
1,855 
1,500 
1,827 
1,245 
1,450 

879 

881 

1.27a 

1,857 


1. 
1, 
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INDEX  OF  LAKES— oonttnued. 


IOWA. 


Iffttdiuin . 
Okoboji.. 


Page. 


142 

111,148,101 


ITeet  abore 
the 


i,aso 

1,890 


Spirit. 


Pago. 


148,161 


Feet  ab  jTe 
the 


1,886 


NORTH  DAKOTA. 


Arrow  Wood 
DeTir» 

Golden 

Jhn 

Lac  dee  Roch< 


Pag©. 


160 
87,73,177 
1(8 
178 
108 
188 


Feet above 
the 


1,440 
1,432 

1,126 
1,486 
1,620 


Stump 

Swan 

Sweetwater 
Taylor , 


Pago. 


73, 177. 188 

177 

7^188 

177 


Feet  above 
the 


1.417 
1,070 
1,468 
1,050 


SOUTH  DAKOTA. 


Big  Stone. 

Chedi 

Colambia 

fnrn 

Beodiieks 

BtMQRJI  ^^ 

^p«8ka 


88^161 
169 

88,121,108 
128 
162 
106 

•  117,160 


868 
1,286 
1,286 
1,828 
1,760 
1,664 
1,714 


Lone  Tree •• 

Madieon 

Sand >-.... 

Tchan-chioahah 

TraTerse 

Whitewood 


140 
108 
160 
1C9 
87,174 
114 


1,880 
1,584 
1,286 
l,2fi6 
972 
1,687 


ONTARIO. 


Baia... 

^wuod 

^bo 

^^KLower 

^'«,  Upper 

^•ftnibii,' 

«?i«i* 

5^«1  Water 

2^*^«i»n 

£j°«.  Great 

^^»  tittle 

^T**^*  ^Ichipicoten  BiTer 
*f**i^ 

^*'*t 

J^-- 

^^^v 

^^«VtofLand 

ibMwe 


170 
171,184,188 

42 
170 
170 
170 

42 
170 

42 

170,190 

170 

100 

170 

41 

42 

42 

170 

171, 181, 188 

41 
170 

42 
180 


1,487 
1,244 

1,188 
1,437 
1,440 
1,440 
1,281 
1,881 
1,004 
]«850 
1,002 
1,026 
1.829 
1,182 
1,820 
1,285 
1,337 
1.630 
1.609 
1,538 
1,138 
1,494 


Kennedy 

Knife 

La  Croix 

Lonely •«•.. 

MoKay'a 

Hanitowiok 

Mattagaming 

MilleLaoa,  Lao  dee. 

Moontain. 

Mud 

MuBkrat... 

Kamekan 


Nepigon 

Ncqaaaqaon 

Nipisslug 

North 171,184,188 

Otter  Track 171,184,188 


42 

171, 184, 188 

171, 188 

190 

190 

190 

190 

170, 190 

384,188 

42 

41 

171.172,186, 

188 

190 

171, 188 

190 


Parrywood 
Pickerel ... 
Rainy 


42 

170 
171, 186. 188 


Saganaga ;m,ld4,\^ 


\ 


1,245 
1,322 
1,186 
1,232 
1.064 
943 
1,026 
1,485 
1,652 
1,828 
1,174 
1,126 

916 
1,186 

638 
1,635 
1,826 
1,363 
1,336 
1,117 
V)«4 
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niDBX  OF  LAKSB^-continaed. 


ONTARIO— oontinned. 


Saint  Joseph...— ••*••• . 

SftTaAne 

Senl 

ShelModowm 

Soath  (on  0.  P.  BaUwfty) . 
South  (on  internstlonjd 

boundary) 

Stewart 

Sturgeon  (Namekan) 

Sturgeon  (north  of  Hunt* 

toTB*  Island) 


rage. 


m 

170 

190 

100 

41 

1M.188 
41 
171,186^188 

170 


Feet  above 
the 


],m 

1,522 
1,282 
1,466 
1,405 

1,685 
1  803 
1,126 

1,212 


Summit,  at  Snmmit  sta* 

tlon 

Summit,  near  Kalmar. . . 

Thousand  Lakes 

Turtte 

Viaduct  •••.*... 

Wat  Bagle  ..4..;* 

White  Fish 

Woods,  Lake  of  the 


Page. 


42 
42 

170 
42 
42 
42 
42 
42,171.172, 

189 


Feet  aborO 
the 


1,884 
1,262 
1,485 
1,806 
1,246 
1,082 
1,213 
1,060 


BASIN  OF  JAMES  BAT. 


Abittibi «. 

Oooked  ••• 

E«g 

Fleming's.... 

Ka>wa-kash*ka-ga-ma . . . . 

Kenogaml  or  Long....... 

Lansdowne 


100 
190 
190 
190 
190 
190 
191 


857 
1,038 
1,112 
1,107 
1,088 
1,032 

960 


3£anitou-namaig ....« 

Missinaibi.... 

Mistassini 

Mistassinis 

MoDotain 

Muddy ...« 

Bound 


190 
190 
188 
190 
190 
190 
190 


1,003 
1.020 
tSoO 
1,370 
1,110 
J,  004 
1,052 


XSEWATIN. 


Gross 

Gull 

Island 

Landing 

Pipestone 

Playgreen,     Qreat   and 
Little 


181 
181 
191 
191 
181 

181 


665 

480 
900 
624 
666 

710 


Sipi-wesk 

Split , 

Was-kai-ow-a-ka 
Winnipeg 

Wintering , 


181 
181 
191 
43,173,175, 
181, 191 
191 


665 

« 

410 
936 
710 

588 


MANITOBA. 


Bone 

Bonnet... 

Cross  

Dauphin . 
Orass.... 

Long 

Lome.... 
Louise... 
Manitoba 
Pelican  .. 

Bock 

St  Martin 
Salt 


179 
172 

42 
191 
179 
48,180 
179 
179 
179,191 
179 
179 
191 

64 


1,357 

823 
1,045 

830 
1,865 

798 
1,845 
1,845 

800 
1,855 
1,886 

794 
1,860 


Shoal  (on  W.  A,  H.  B. 

BaUway) 

Shoal  (on  M.  A  N.  W. 

Bailway) 

Swao.  Pembina  Biver. . . 
Swan,  tributary  to  Lake 

Winnipegosis 

Whitewater 

Winnipeg 

Winnipegosis 

Woods,  Lak«  of  the 


62 

56 
179 

191 

50,179 

43,178,175, 

181,191 

191 

42,171,172, 

188 


859 

1,793P 
l,81(r 

86(^ 
1,63^ 

71 


821 


h 
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TtCDRX  OF  LAKES — oontinued. 


8A8KATCHXWAN  AND  ATHABASOA. 


BadfiOo 

Oadtf 

CUmt 

CioiM,  Keliion  River 

Grms,  SaskatGhewAB 

RiTer , 

IitoitaCroaM 


P*ge. 


in 

191 

181,191 

191 

181 

181 

191 


FeetftboTe 
the 


800 
1.600 

824 
1.600 

065 

818 
1,800 


ICethy,  or  Lm  1a  Loohe. 
PUygreen,  Great  and 

LitUe 

Sipi-week 

Soa&diiig 

Winnipeg 
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Feet  above 
the  sea. 


191 

181 

181 

193 

43,178,175 

181,191 


1,080 

710 

665 

2,164 

710 


AflSIMIBOIA. 


BlcStiek 
BoJEilo... 
Gnne.... 
Creicent. 
Crooked. 
CyprdM.. 

Eyebrow, 
'lahfaig.. 


192 

180 

192 

60 

180 
192 
192 
180 
180 


8,278 
1,035 
2,444 

1,079 
1,889 
8,201 
1,911 
1,086 
1,604-1,600 


Leecb 

Long 

Many  Island 
Old  Wires'. 
Pa-kowki  .. 

Roand 

SandHUl... 
Twelve-Mile 
WildHofse. 


60 

57,180,191 
192 
192 
193 
180 
180 
192 
189 


1,079 
1,598 
2,304 
2.189 
2,785 
1,804 
1,085 
2,479 
2,850 


ALBBRTA. 


^^^^A^fMonntalB. 


ing™ 
"»^il'8  Pine 
I>»'Wliii£ 

^^«d  Heat . 


Bgg,  Hand  Hills . . 
Bgg,  near  Y  iotoria 

GoU 

Hastings 

LitUeFish 

Pigeon 

Qaill 

Sallivan 

Waterton 

Wavy 


103 
193 
198 
198 
198 
193 
193 
198 
189,198 
193 


2,994 

2,021 
2,929 
2.404 
2,914 
2,848 
2.886 
2,044 
4.245 
J.M4 


BRITISH  COLUMBIA. 


**«toB£fc«, 


47 


6»190 


Sammit. 


47 


6^808 
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INDEX  OF  TOWNS  AND  STATIONS. 

MICHIGAV. 
(Minneapolis,  Saolt  Ste.  Marie  and  AUaatle  Banwaj.) 


Alexander 

Cook's  MiU  , 

Dafter 

Delta  Jnnotion  ... 

Bastia 

Flat  Boole 

Gilchrist , 

Gladstone 

Gulliver  Lake 

Hall's 

Hcrrann&viUe 

KeoDody 

Loland 

McDonald  Lake . . . 
Mauietiqne 

Aroery 

Amos 

Armstrong  Crook. 

Ashland 

Ashland  Jnnotion 

Baldwin 

Barron 

BaiTonette 

Bayfield 

Bear  Creek 

Bloomer 

Boardroan 

BqyUton 

Bradley 

Brnce 

Burkbardt'a 

Cable  

Cameron  Junction 

Canton 

Cartwri;;ht 

Carj'ville 

Cedar  Falls 

Central  Transfer . 

Chandler 

Chapman 

Chitek 

Cbiuagu  Junction. 

Clayton 

Clear  Lake 

Comstock 

Cumberland 

Dedham  

PeerPark , 
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66 
66 
60 
66 
65 
66 
66 
65 
66 
66 
65 
66 
66 
66 
66 


Foot  above 
the  sea. 


816 
7015 
6»5 
667 
816 
620 
770 
612 
626 
864 
887 
675 
656 
6*22 
613 


Maaonville... 

Menominee  Biver. 

Meyer 

MilleCoquina 

Nanbinway 

NewhaU 

Ogonta 

Pike  Lake 

Pine  River 

Scott's  Point 

South  Maniatiqne. 

Springer 

Sturgeon  Biver ... 

Trout  Lake 

Van  Winkle 


Fftge. 


06 


66 


66 

65 
66 
66 

66 


Feet  above 
the  sea. 


603 
816 
020 


726 

700 

eao 

740 
688 

772 
506 
862 


836 
502 


¥n8CONSlN. 


64 
128 

65 
128 
123 
122 

65 
1S8 
128 
124 
124 
123 

02 

65 

65 
123 
123 
124 

65 
124 
1U3 
103 
103 
1?3 
122 
124 
123,124 
123 
123 
123 
123 

03 
128 


1,070 

1,000 

1,427 

666 

657 

1.134 

1,111 

1,873 

616 

1,232 

1,013 

049 

687 

1,473 

1,008 

025 

1,867 

1,100 

1,101 

1.110 

753 

ft67 

000 

1,145 

1,011 

1,054 

1,086 

1,203 

1,107 

l,2d2 

1.241 

802 

1,062 


Deer  Tan 

Deronda 

Dow^naville 

Dmmmond 

Donnvllle , 

Durand.. 

Bagle  Point 

Bast  Linoola 

Eau  Claire  (C,  M.  and  St 

P.) 

Eau  Clalie  (C,  8t  P.,  M. 

andO.) 

Elk  Mound , 

Flambeau  FUIa 

Forest  City , 

Gagen 

Godfrey  Jonetton 

Gordon 

Granite  Lake 

Grantsburg 

Gregory 

Hammond  ............... 

Hawkins • 

Hawthorne 

Hayward 

Horsey 

Hudson 

Ingram 

Knapp 

Lake  Side , 

Mason 

Maxwell ••, 

Menomoliie  .....«••••.•., 


65 
64 

108 
128 
108 
.103 
124 
04 

108 

129^124 
122 

66 
128 

65 

64 
124 
128 

61 

64 
122 

65 

124 

128 

128 

128,123 

65 
122 
124 
128 
108 
108 


1,221 

1,066 
754 

1,807 
731 
724 
974 

1,100 

788 


029 
1,142 

914 
1,646 

900 
1,024 
1,814 

890 
1,132 
1,102 
1,365 
1,164 
1,194 
1,199 

718 
1.801 


1,108 
065 
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na>BX  OF  TOWNS  AND  STATIONS— continaed. 

wiscoNSizr— Hsontinned. 


Pago. 


ICenomonle  Janotloii . . . 

Meridian 

Kew  Bichmond 

Vorth  WlMoaaln  Juno- 

tltm, 

Ky© 

Orme'B...— 

Oioeo]* ..... 

Pembine 

peanlngton •. 

Perley 

Phippa 

PikeBiTor 

PineriUe 

Plomer'tMiU 

Porter'sMiUa 

Pntt*8 

PrentlM.... 

Preacott 

Bed  Cedar 

Bed  Cedar  JanotUm 

Bhinelander 

Bioe  Lake 

BichardMn 

fiiver  Falla  Jnnotion 

Buberto 

BiuBdHill 

Biuk 

Sk  Croix  Falla 


123 

103 

m 

122^128 
64 

m 

04 

es 

86 

123 

m 

60 

m 

108 
100 
123 

00 

00 
100 
100 

00 
124 
120 
122 
122 
100 
122 

04 


Feet  aboTe 
the 


882 
746 
089 

872 

056 

1,057 

809 

968 

1,635 

1,249 

1,234 

1,222 

1,249 

684 

769 

1,027 

1,551 

700 

750 

729 

1,665 

1,146 

1,197 

697 

1,037 

736 

902 

920 


Shawtown.. ..•••.. •••..• 

SheULake 

Soath  Chippewa  FaUa... 

Soath  Bange... 

Spooner  

Spragae 

Stinnett 

Superior  (C,  Sk  P.,  M. 

and  a) 

Superior  Junction 

Trevino 

Turtle  Lake  (C,  St.  P., 

M.andO.) 

Turtle  Lake  iM.,  8.  Sto. 

ILand  A.) 

Tyrone 

Van  Home..... 

Yeaaie 

Washburn 

West  Ban  Claire 

West  Superior  (C,  St  P., 

M.andO.) 

West  Superior  (St.  P.,  IL 

andM.) 

Weyerhauser 

White  Biroh..\ 

WiUard 

Wilson 

Woodville 
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Feet  above 
the  sea. 


103 
128 
124 
124 
123 
128 
123 

124 

128,124 

103 

123 

64 
108 

65 
123 
128 
122 

124 

92 
65 

124 
65 

122 


777 
1.212 
801 
7G8 
1,095 
1, 257 
1,146 

643 

1.080 

680 

1,257 

1,258 
720 
607 

1,084 
656 
880 

622 

631 
1,297 
1,081 
1.493 
1,147 
1,152 


ILLIKOI8. 
(Chicago,  St  Paul  and  Kansas  City  Bailway.) 


Aftoi 

Bjitjo 

Ctir»dstnm  plane,  below 
acsB  wa-leTel  (Missis* 
*ippi  BiTor  Commis- 
•ten) 

Cliicago 

Cliw 

DqhIh^ 

Kittbeth 

XQia 

^Qond 

lorettHom^ 

GaIou  Janction 

Cennan  Valley 

Cretns 

BoIcoDb 

^jalUm 

loA • 


101 
101 


152 
182 
132 
181 
181 
181 
182 
182 
131 
181 
182 
182 
132 
181 


Oil 
724 


— 2L26 
566 
871 
853 
785 
821 
822 
624 
612 
810 
783 
830 
776 
898 


^Uy  Lake... 
Lindenwood 


Lombard 

Maywood 

Melton 

Menominee 

Portage  Cunre.. 

Bichardson 

StCharlea 

South  Blmhurst 
Stillman  Yalley. 

Stockton 

Sycamore 

Trousdale 

Tunnel  siding  .. 

Wasco 

Woodbine 

Yellow  Creek... 


102 
102 
182 
182 
181 
131 
181 
182 
132 
132 
131 
131 
132 
181 
131 
132 
131 
131 


910 
774 
721 
630 
769 
610 
608 
884 
728 
678 
721 
1,002 
842 
638 
763 
825 
870 
820 
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MUTKISSOTA. 


AdA 

Ad*mB 

Adrian 

Afton 

Airile 

AltWB 

Albany ... 

Albert  Lea  (0.,  M.  and 

SLP.) 

Albert  Lea  (M.  and  St  L. 

andB.,C.B.andH.) 

Alden 

Aldrich 

Ale&andria 

Altoona 

Amboy,  Blao  Bartb  Co . . . 
Amboy,  Otter  Tail  Co. . . . 

Ames  

Amiret 

Angns 

Annandale 

Anoka 

Applet  on  (C  M.  and  St. 

P.) 

Applet  on  (St.P.,lL  and 

M.) 

Areola ^ 

Argyle 

Arlinji^on 

Armatrong,  Freeborn  Co. 
Armstrong,  Hennepin  Co. 

Ash  Creek 

Ashby 

Atberton  ...••■...•■•.... 

Atwater 

Anbom 

m 

Andabon 

Angaata  

Aurora 

Anatiii  (C. M.  &StP.).. 
AuKtin  (C,  St  P.  &  E.  C). 

Austin  Junction 

Arerill 

Ayooa 

Ayon 

Bailey's  i^.t.) 

Bailey's  (St  P.,  M.  A,  M.). 

Baker 

Balaton   

Bald  Eagle 

Barden 

Barmesvilla 
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71 
106 
128 
101 
107 

ap 

70 

107 

IM^lil 

107 

SO 

70 

14S 

1S7 

90 

88 

117 

80 

87 

80,00 


86 

88 

80 

188 

107 

83 

120 

71 

80 

88 

86 

21 

97 

lOi 

104 

183 

104, 105 

71 

127 

70 

80 

70 

80 

110 

68,64 

185 

71,80 


Peet  aboTO 
the 


806 

1,982 
1,641 


1,644 
1,908 

1,928 

1,980 
1,900 
1,827 
1,801 
1,683 
1,042 
1,878 
1,066 
1,283 

870 
1,066 

878 

1,007 

1.015 

876 

840 

805 

1,278 

886 

1,808 

1,283 

981 

1,211 

860 

1,810 

078 

1,255 

1,203 

1,197 

1,200 

917 

1.536 

1,131 

013 

917 

944 

1,528 

928 

741 

1,020 


BamniB.. 


BaasettLaks 

BatsTla 

Bath 

BataeLaka 

Baytown •••••... 

Beardaley... 

BeftTor  Greek 

Beokar 

Belgrade ..•..••••.. 

Belle  Creek 

Belle  Platne 

Belle  Prairie 

Bellingham 

Beltrami 

Benoit  

Benson 

Benton  Jnnotlon 

Big  Lake 

Bigelow 

Bingham  Lake 

Biroh  Lake 

Bird  Island 

BirdsaU 

Bixby 

Blakely 

Blooming  Prairie 

Bloomlngton 

Blue  Earth  City 

Bluff  siding' 

Blnflton 

Bomp 

Boyd 

Brainerd 

Brandon 

Breokenridge  (N.P.) ... 
Breokenridge  (St  P.,  M. 

andM.) 

Breitung  Mine 

Brentwood 

Brewster 

Bridgeman 

Brigbt*s 

Brooten 

Browerrille 

Brown's  Hill 

Brown's  Valley 

Brownsdale 

BrownsYille •••• 


67 
87 


101 

87 

128 

88170 

87 


126 


72 

78 

82 

96,87 

80i70 

196 

126 

81 

97 

81 

104 

126 

104 

126 

127 

'l26 

90 

71 

140 

20,80 

70 

83 

83,88 
63 

125 

126 
93 

102 
67 
78 
68 
87 

107 


Feetabora 
the 


1,100 
1,166 
1.107 
1,649 
1,188 
1,214 
1,866 
1,906 


l«608 

1,446 

8T9 

1,978 


798 
1,189 
1,048 

901 
1,018 
1,048 


1,684 
1.428 
1.899 
1,088 
1,946 
1,806 

781 
1,281 

741 
1,088 
1,428 
1,898 

8U 
1,050 
1,208 
],888 


861 
1,424 

759 
1,488 
1,088 

871 
1,814 
1.982 

076 


1,278 
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Paga 


Brownton • 

BuflUo 

Biifflngiton.. 

Bunrell 

Bntterfield 

B>nni 

Cable 

•Caledooia 

Oidadoiiia  Jnneiion 

CuDdeD  Place 

Campbell... 

Caaby 

CaanoD  Palla 

Caonon  Junclkm 

Caoton 

Carliale 

Cannan 

Carrer(C.,M.ikStP.).. 

CarrerClLA  8t.L.) 

Caaoadi 

Caacle 

Ca«t!eRoek 

Caaenoyia 

Cedar  Lake,  Aitkin  Co  . . 
Cedar  lAke^siuiepinCo 

Center  City 

Centerrille 

Cbanbaaaen 

CbadKa(C.,M.AStP.).. 

Chaaka(M.ASi.L.) 

Ckaifield 

Cbateeld  Jnnolion 

Cbeater 

Cbilda 

Chisago  Cltj 

CboUo 

CUraClty 

ClavBmoBl 

CbttlMa 

Clark'tGioT» 

Claxkafidd .*. 

Cl»ymont. 

CWwrUkefK.P.) 

^rLake(St.P..M.&M.) 

Cl«nrater 

^^**i^ater  Jnaeilon ... 

^•iftoB ..--.......■, 

CUatoBFaD, 

Cllth«jtU 

^Urf.  ™'. 

CHi* 

^«tt  Hirer , 


97 

•7 

M 

79 

196 

U« 

90 

109 

101«109 

66 

99 

U7 

102,139 

100,103 

100 

71 

71.70 

06 

196 

189 

69 

104 

148 

ao 

89 

60 
M 

97 
96 

196 

119 
U6^119 

116 
97 
60 
97 
94 

119 
79 

193 

140 
99 
80 
70 
96 
98,94 
68 

104 


61 
C8 


Feet  above 

the 


1,694 

99t 
873 
914 
1.187 
1,280 
1,012 
1,170 


882 

894 

1,248 

816 

602 

1.880 

1,996 

977 

818 

722 

896 


986 

1,670 

1,282 

868 

001 


966 

726 

729 

076 

1,279 

1,122 

977 

917 

1,124 

1,069 

1,280 

1,992 

1,822 

1,084 


091 


960 
918 
^1 
1,112 
1.846 
1,A46 
1.192 
1.400 


C<vel 

Cokato 

Cold  Springa 

CoUegerilla 

Cologne 

Como 

Coney  Island 

Coon  Creek 

Corona 

CorreU 

Cott<inirood 

Conrtland 

Cromwell 

Crookaton 

Crow  Wing..... 

Crystal • 

Curry • 

Cyroa 

Dahlgren 

Dakota 

Dalton 

Darling 

Darwin 

Daasel 

Dawaon 

Dayton  Blaff 

Deer  Creek 

Deerwood 

De  Forest 

De  Graff. 

Delano 

Delavan 

Delhi 

x/euwooQ  ......v........ 

Damison 

Detroit • 

Dextsr.... 

Dilworth 

Dodge  Center  (a  4k  N. 

W.) 

Dodge  Center  (O,  St  P. 

AK.C.) 

Donald  Switoh 

Donaldson 

Donnelly 

Doran 

Doty 

Donf^ 

Dorer 

Dower  Lake 

DowUn'a 

Downer 


Paga 


61 
82 
94 
70 
07 


19 
96 
04 

117 
19 
72,80 
80 
66 
68 
82 
06 

101 
71 
80 
82 
88 

140 

68,100 

83 

90 

107 
82 
82 

107 

130 
60 

129 
91 

107 
31 

116 


Feetabore 
the 


1,294 
1,060 
1,005 
1,004 
045 


071 

867 
1,303 

080 
1,077 

086 
1,306 

863 
1,194 


1,142 
980 
665 

1.850 
1,154 
1,182 
1,080 
1,054 

707 
1.396 
1,277 
1,461 
1,063 

032 
1,066 
1.022 

042 

067 
1,864 
1,416 

909 

1,288 


180 

1,299 

108 

1,354 

80 

826 

88 

1.136 

88 

973 

118 

1,810 

U9 

1,001 

116 

1,139 

99 

1,203 

66 

055 

71 

069 
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Drake 

Dresbaoh 

Dubuque  Junction 

Dugdale 

Duluth 

Dumont 

Dandas  (C,  M.  St  St  P.). 
DundM  (M.  &  St  L.). . . . 

Dundee 

Eagle  Bend 

Eagle  Lake  (G.  A  N.  W.). 
Eagle  Lake  (M.&  St  L.). 

East  Grand  Forka 

£u8t  Hendcrdon 

EuAt  MinneapoUa   (Dn- 

liith  depot) 

Sant  Minneapolis  (St  P., 

M.&M.) 

EaatStCload 

East  St  Paul 

East  St  Peter 

East  Wabasha 

Easton 

Echo 

Eden 

Eden  Prairie 

Eden  Valley 

Edgerton  ..>• 

Edgewood 

EgiiLleaton 

Elbow  Lake  (H.  A  P.) . . . 
Elbow  Lake  (St P,M. ft 

M.) 

Elgin 

Elizabeth,  east  depot .... 
ElisAbetb,  west  depot. . . . 

BlkRiyer(N.P.) 

Elk  River  (St  P.,M.ft  H.) 

Elkton 

Elliott 

Ellsworth 

Eloier 

Elraore 

Elysian... 

Euipire 

Erdahl » 

Erbart's 

Erskine 

Estcri  Brook 

Elter 

Euclid 


128 

101 

130, 183 

70 

10,80.88, 

88,184 

80 

104 

188 

187 

78 

UO 

188 

84^72 


00 


80,70 


180 
108 
107 
180 
130 
186 

87 
107 
127 
100 

87 

78 

118 

78 

71 

80 

70,77 

130 

07 

143. 144 

83 

127 

138 

129 

78 

78 

70 

88 

100 

80 


FeetaboYe 

the  sea. 

1,619 

674 

1,818 

1,138 

607 

1,04H 

056 

028 

1,446 

1,880 

1.012 

1,011 

831 

787 

833 

803 

1,025 

822 

761 

680 

1,054 

1,060 

1,215 

884 

1,123 

1,065 

1,022 

680 

1,810 

1,107 

1,060 

1,240 

1,257 

883 

802 

1,882 

001 

1,445 

012 

1,125 

1,049 

854 

1.266 

1,286 

1.187 

1,109 

688 

880 

Brans 

Evansville 

ETordell 

Exoelsior  (St  P.,  M.&  M. ) 
Excelsior  (M.  St  St  L.) . . 

Byota 

Fair  (s^roand,  Faribault . . 

Fairfax ,.. 

Fairfield. 

Fairmont 

Faribault  (C,  IC.  A  St  P.) 
Faribault  (M.&  StL.)  .. 

Farmington 

Farwell 

FelUm 

Fergus  Falls  (K.P.) 

Fergus  Falls  (St  P^  M.  A. 

IL) 

Fertito 1.. 

Finkle 

Finlayson 

Fisher 

Florence 

Foley 

Fond  duLao 

Forest  Lake 

Forest  MUla  (0.,  M.  4k  St 

P.) 

Forest  Mills  (C.  ft  K.  W.) . 

Fort  Bipley 

FortSneUing 

FoBston 

Fountain 

Foior  Lakes 

Foxboro 

Franoonia 

Franklin.^ 

Frasee 

fzeeuurg  ...*••.......... 

Freeport 

French 

Fridley(N.P.) 

Fridley  (Sb  P^  H.  ft  H.) . . 

Frontenao 

Fulda 

Funk 

Gaka^isa 

Garden  City 

Garden  Place 

Garfield 

Gaylord 

Georgetown 


107 

71.78 

83 

85 

188 

116 

188 

188 

86 

107 

104 

188 

06^104 

07 

71 


71,78 
84 
88 
60 
72 
04 
98 
10 
68 

103 

118 
80 
86 
80 

106 
68 
«8 
60 

130 
21 

103 
70 
88 
29 
60 

100 

107 

102 
62 

127 
64 
70 

180 
89 


Feet  above 
the  sea. 


1,197 
1,853 

994 

944 

947 
1,237 

978 
1,041. 

941 
1.188 
1,008 

9TO 

905 
1,389 

916 
1,186 

1,210 
1,140 

912 
1.108 

852 
1,726 
1,138 

007 

912 


1,028 
1,160 
722 
1,288 
1,804 


956 

915 

1,005 

1.889 

659 

1,240 

1,087 

847 

844 

718 

1.628 

819 

1,734 

961 

932 

1,417 
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GibboD 

GUdiitoiie 

GImjeow 

Gknooe 

GlenTflle 

Gleowood  (M.  4c  P.) 

Gknvood  (N.P.) 

Gljodoo 

Gooil  Tbunder 

Gorton 

GneermeCC  M.  ftSi.  P.) 
GtaceTine(St.  P.,1C.  &  M.) 

Gnod  Meadow 

Gnnd  View 

Granite  FaUa  (C,  H.  A  St. 

P.) 

GnniteFallsCStP.,  M. 
tM) 

GraDTflle  

Gray  Eagle 

Gredey 

Greenlsle 

Green  Valley 

Gregory 

Groand  Hoase 

GtoTeCity 

Qnn  River 

Hadloy 

Hillock 

HaUtid 


Bininum 

Hialine 

HamiDond 

^pton 

^cock 

^leyPalU(K.A8t.L.) 
HanleyFjait(St.P.,  M. 

^aen 

^•naooy 

^«»rla 

^nUnd 

^••lan 

?*•«««■ 

2**«eM 

^>«na 

^^•n...'."'.'.™!! 

?*''ick..7.V.".l 

^^W 

^J4«B 


Pajce. 


180 
68 

102 
W 

141 

•7 

82 

21,71 

108 


87 
107 
117 

08 

04 

188 
81 
10 

ISO 
04 
SO 
08 
82 
20 

127 
80 
80 

130 
66 

125 
20,60 

102 

120 
82 

130 

04 
81 

103 
68 

136 

84 

06,100 

107 

116 
70 
04 
21 


Feet  above 
the  sea. 


1,046 

808 

716 

1,006 

1,236 

1,880 

1.403 

025 

082 

1,024 

1,111 

1,109 

1,340 

1,173 

041 

030 

895 

1,225 

838 

1.001 

1,105 

1,100 

1,040 

1,102 

1,191 

1,692 

815 

870 

1,000 

986 

718 

026 

804 

880 

1,157 

1,047 

1,040 

1,270 

l,83Si 

807 

1,251 

013 

707 

1,677 

1,246 

1,014 

1,238 

1,161 

1,265 


Hayfleld 

Hayward 

Hazel  Run 

Hazeltlne.*. 

Hector 

Helena 

Hendmm 

Henning 

Hereford , 

Herman 

Heron  Lake 

Hersey 

HiUsdale 

Hinckley 

Hobart 

Hof&nan 

Hokab 

Holland , 

Holy  Croes , 

Holyoke 

Homer 

Hopkins  (C,  M,  &8tP.) 
Hopkina  (M.  AStL.).., 

Hotel  St.  Louis 

Hoaston 

Howard  Lake. 

Hamboldt 

Hntobinson 

Hutchinson  Junction  ■ . . 

Iceland 

Iblen 

Interlaken 

Inver  Grove , 

lona. 

Iosco 

Isinonr's 

Ita8oa(St.P.,M.&M.). 

Ires 

Janesville 

Jarrett 

Jasper..... 

Johnson,  Becker  Co 

Johnson,  Big  Stone  Co. . 

Jonesville 

Jordan    (C,  Si.  P.,  M. 

&0.) 

Jordan  (M.  &.  St.  L.)  .. . 

Kimaranai 

Kandiyohi 

Eaaota 


Page. 


130,182 

107 

140 

07 

07 

136 


78 

83 

126,127 

126 

21 

60,03 

SI 

67 

.106 

04 

88 

03 

101 

07 

186,180 

180 

106 

82 

80 

86 

82,85 

126 

04 

71 

120 

107 

186 

106 

80 

70 

81 

116 

102 

06 

21 

87 

20 

125 

ise 

143 

82 

117, 125 

116 


Feet above 
the  sea. 


1,315 

1,256 

1,057 

028 

1,081 

888 

875 

1,430 

1,078 

1,072 

1,4:20 

1,488 

1.107 

1.032 

1,386 

1,246 

651 

1,780 

021 

1.141 

661 

Oil 

021 

043 

681 

1,010 

792 

1.040 

003 

1,001 

1,618 

I,2S0 

718 

1.623 

1.148 

901 

885 

887 

086 

1,063 

791 

1.545 

1,391 

1,  129 

1,238 

753 

755 

1,505 

1,223 

804 

1.252 
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Koegan 

Kellogg.: 

Kennedy 

KeDsington 

Kent 

Kenyon 

Kerkhoven 

Kenick 

Kettle  River 

Keystone 

Kilkenny 

Kimball  Prairie 

Kimbwly 

Kinbrae 

Kittson 

Knife  Falls 

Knife  River '. 

KragneM 

La  Crescent 

La  Fond 

Lake  Benton 

Lake  Crystal 

Lake  City 

Lak(^  Elmo 

Lake  Park 

Lake  View 

Lake  Wilson 

Lalicficld 

Lakeland 

Lakeland  Junction 

Lakoville 

J«akey 

Lamberton 

• 

Lamoille 

Lanesboro 

Langdon 

Lansing 

Lawndale 

Lena 

Lenox 

LeRoy 

LeSaeur 

Lester  Park 

Lester  Prairie 

Lewiston 

Lincoln,  Moriison  County 
Lincoln,  Watonwan  Co  .. 

Lindstrom 

Lintonville 

Litcbfleld 

Little  Falls... 

Little  Sank 


Page. 


102 

101 

80 

67 

88 

129 

82 

93 

60 

84 

186 

67 

19 

107 

72 

61 

68 

89 

101,106 

81 

119 

125,127 

100 

127 

21 

62 

127 

107 

101 

122 

96 

102 

117 

101 

106 

100 

104 

71 

118 

80 

105 

125 

62 

85 

116 

81 

125 

60 

67 

82 

80,81 

77 


Feet  above 
the  sea. 


758 

701 

825 

1,818 

942 

1,140 

1,110 

1,15S 

1,031 

855 

1,058 

1,138 

1,237 

1.461 

885 

1,192 

620 

892 

649 

1,186 

1,759 

997 

703 

933 

1,336 

661 

1,650 

1,475 

742 

706 

941 

755 

1,144 

658 

843 

811 

1,229 

1,089 

1,073 

1,176 

1,28G 

760 

650 

982 

1,211 

1,281 

1,045 

932 

1,220 

1,129 

1,117 

1,253 


Lookhart 

Long  Lake 

Long  Prairie 

Long's  Spur 

Loretto • 

Lonisbnrg 

Lowry ................... 

Lnoe 

Luveme  (B.,  C.  B.  &  N.) . . 
Luveme  (C,  St  P.,  M. 

&0.) 

Lyle(C.,M.4tStP.) 

Lyle  (C,  St  P.  &  K.  C.) . . . 

Lynd • 

Mabel 

HcCraoken 

McGregor 

Mcintosh .,. 

Madelia 

Madison,  Lae  qui  Parle 

County 

Madison,  Mower  County. 

Madison  Lake 

Magnolia 

Mahtomedi 

Mahtowa 

Mallory 

Manchester. . . . .»..  j. . . . . 
Mankato  (C,  M.  &  St  P. 

&M.&StL.) 

Mankato  (O.AV.W.)  ... 
Mankato  (C,  St  P.,  M. 

AO.) 

Mankato  JnnotioD 

Manomin 

Mansfield 

Mansttn 

Maple  Grove  

Maple  Island 

Maple  Lake 

Maple  Plain 

Mapleton 

Maplewood 

Marietta 

Marine 

Marmion 

Marshall  (C.  &  K.  W.).... 
MarshaU  (St  P., M.  ScU.) 

Maryland  Park 

Mayer 

Maynard 

Mazeppa 


Page. 


72 
82 
78 
68 
66 
86 
67 
21 
143 

128,129 

105 

183 

94 

108 

102 

19 

79 

125 

140 

104 

138 

128 

60 

59 

73 

186 

108^188 
117 

125 

116 
69 
93 
89 
84 
64 
67 
82 

108 
82 

140 
64 
66 

117 
94 
64 
85 
94 

103 


Feet  above 
the 


893 

964 

1,299 

943 

995 

1,043 

1,368 

1,373 

1,452 

1,454 
1,206 
1,203 
1,830 
1,117 
731 
1,328 
1,218 
1,024 

1,099 
1,255 
1,049 
1,519 

929 
1,147 

837 
1,264 

778 
781 

794 

C06 

BU 

1,156 

978 

943 

901 

1,059 

1,023 

1,039 

1,363 

1,128 

927 

918 

1.174 

1,169 

926 

955 

1,030 
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Ifidlbid  ..•■..•■■«••••-•• 

MdroM 

]f«MioU  JnncttoB  (C,  H. 

AStP.) 

]f«adoto  JaDetloii(G.,  St 

P..  lf.*0.> 

MflBtar 

Mfliiden 

ItariMB  Janctioii 

XflftiMBPark 

MflMbft  H«ig1ite 

ICidluMl  Janetkm 

HMrale 

Xaua 

miMft  JnoetioB 

IGlaB 

Millbfld 

MfflPkik 

Miller 

WStrmib 

MiDiM»polis(C.,  H.  &  St 

P.) 

muBMpolia  (St  P.,  M. 
ft  M.,  union  dspot) 


Page. 


104 

n 


lOniMipoIifi,  s«ro  of  ol^ 

lerdn 

Ifiwwihnhn 

MiBooioka 

City  (C,  IC. 

*StP.) 

OuMoto  City  (O.   A 

W.W.) 

Fan* 

Lake 

Minnetooka  Mills 

MteiMiCrMk 

MoBoyCraek 

VMtoTideo 

XoatioeUo 

wiatgionMfy  ■•••••  <■•>>. 

HrattoM , 

M«trU«ad  (N.P.) 

lb«iie«d  (St    P.,    M. 

*M.) 

^'Mnlilaiid 

'••NeUko 

Jlwi* < 


136 

70 

116 

126^136 

06 

•3 

101. 103 

132 

17,  se 

77,03 
06 

117 
83 
60 

102 

06.06,07. 
100,104.183 

20  00.63,64, 
66,60,83, 
84.  186, 
183 

183 
06 
101 
136 
117 

101 

116 
08 

108 

180 
58 

106 
06 
84 

186 
83 
21 


83 

60 
118 


Feet  above 
the 


1,103 
1,311 

732 

717 
1,167 
1,140 

786 


1,604 


1,007 
1.072 
1,070 


1,326 

1,186 

786 


810 


TOOL  64 

818 

670 

874 

1,170 

675 

676 
1,041 
1,046 


005 
701 
027 
033 
1,065 


005 

004 
1.087 
1,063 
1,060 


P»ge. 


Ifonie  {a* P.)  ••■••  «>•>•■ 
IConlB  (St  P.,M.  &  H.) . . 

Morristown 

Morton 

Motley 

Monnd  Prairie 

Moont  Vernon 

Mountain  Lake 

Mnlford'a... 

Mnakoda 

Myera 

Nash 

Kaaean 

Nelaon 

Nentrand 

New  Brighton 

New  House 

New  London,  Kandiyohi 

County 

New  London,  Saint  Loais 

County 

New  Prague 

New  Kichland 

NewUlm 

New  York  Mills 

Newport  (C,  B.  ft  N.)  .  .. 
Newport  (a,  M.  ft  St  . . 

P.) 

NIcoUet 

Nioola 

Noroross 

Norman.  Carlton  County. 
Nonnan,  NormanConnty. 

North  Branch 

North  Redwood 

Nortbcote 

Northern  Paoifio  Jnnction 
Northfleld  (C,  M.  ftSt 

P.) 

Northfleld  (M.  ft  St  L.) .. 
Norwood  (C,  M.  ft  St 

P.) 

Norwood  (M. ft  St  L.)  ... 

Oak  Park 

Oakdale 

Oakea 

Oakland 

O'Brien 

Odessa 

Okabena 

Okwanim 

OUtU 

Olmited 


Feet  abore 
the  sea. 


82 

83 

188 

130 

20 

106 

101 

126 

186 

31 

08 

67 

86 

70 

120 

64 

103 

04 

63 

186 

186 

117 

20 

68 

160 

U7 

125 

83 

10 

84 

58 

130 

80 

19,60,61 

102,104 
138 


07 
180 

03 
132 

70 
107 

03 

08 
107 

63 

07 


1,120 
1.181 
1,010 

841 
1,227 

662 

678 
1.803 
1,063 
1,000 

933 
1,000 
1,133 
1.360 
1,183 

030 
1,104 

1,215 

685 

075 
1.180 

837 
1.410 

748 

740 

080 

717 

1,041 

1,817 

1,090 


855 

803 
1,083 

016 
013 

088 
077 
1,130 
879 
1.240 
1,273 
1,078 


1,423 

1,494 
1,08» 
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INDEX  OF  TOWNS  AND  STATIONS— ooDtinnedL 

MiNNEflOTA— oontinaed. 


Oneota 

Oneota  Junction 

Oronooo 

Ortonville 

OsakJs 

OahawA 

Oaseo 

Otiflco 

OtievlUe 

Ottawa 

Otter  Creek 

Owatonna  (C,  IC.  A  St 

P.) 

Owatonna  (C.  Sc  N.  W.). 

Owftsaa 

Palmer 

Parent 

Park  Junction; 

Parkdale 

Parker 

Parkton 

Partridge 

Paxton 

PaynoBTille  (M.  &P)... 
PaynesrUle  (St.  P.,  H. 

SlM.) 

Pelican  Junction 

Pelican  Rapids 

Pennock  

Perham 

Perley 

Peterson 

Pillager 

Pine  City 

Pine  Grove 

Pine  Island 

Pipestone  (B.,    O.  R  ft 

N.) 

PipObtone  (0.,  H.  ft  St 

P.) 

Pipestone  (C,  St  P.,  ^. 

ft  O.) 

Pipestone  (St  P.,M.  ftM.) 

Plainview 

Plainyiew  Junction 

Pleasant  Orove 

Point  Douglas 

Pokegama 

Post's ^ 

Prairie  Junction 

Pratt 

PffesUm 
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10,60 

10.60 

118 

08 

70 

m 

84 
186 

64 
125 

60 

104 

116 
60 

136 
83 

180 
71 
84 
88 
08 

118 
67 

04 

82,78 
78 
82 
80 
60 
106 

ao 

68 

10 

UB 

143 

107 

127 

04 

118 

U0,118 

182 

68,101 

08 

122 

107, 126 

104 

103 


Feetabore 
the 


681 
628 

1,041 
000 

1,843 


1,148 
788 
793 

1,150 

1,146 
1,144 

027 
1,148 
1,120 

838 
1,276 

880 
1,806 
1,166 
1,030 
1,172 

1,180 

1,180 

1,304 

4,123 

1,870 

877 

758 

1,203 

052 

1,287 


1,725 

1,728 

1,7?3 
1,729 
1.167 
1.275 
1,810 

708 
1,028 

847 
1,428 
1,223 

822 


Princeton • 

Prior  Lake. 

Ramsey 

RandaU 

Randolph 

Rapidan 

Raymond 

Read's  Junction 

Read's  Landing 

Red  Lake  Falls 

Red  Rock 

Red  Wing  (C.,M.ft  StP.) 
Red  Wing  (M.ft  StL.).. 
Red  Wing,  sero  of  city 

IcTels 

Redwood. 

RedwcodFklls 

Redwood  Junction 

Rolf 

Renova 

Renville 

Rice's 

Rice's  Point 

RichYaUey 

Richland 

Richmond,  Steams  Co . . . 
Richmond,  Winona  Co . . . 

RlTor  Junction 

Rochester 

RookrlUe 

Rolette. 

Rosooe 

Rose  Creek 

Roftemonnt 

Rossburg 

Rothsay 

Round  Lake 

Rojalton 

Rupert 

Rush  City 

Rushford 

Rnshmore 

RusseU 

Russia 

Rntbven 

Sabin 

Sacred  Heart 

St  Albans 

St  Anthony  Park  (N.  P.) 
St  Anthony  Park  (StP., 

If.  ftM.) 

St  An^nata.,,*, 
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77 

06 

104,107 

80 

102,120 

108 

94 

100.103 

100 

84 

138 

100, 108 

138 

100 

110 

118 

117,118 

80 

180 

08 

80 

124 

120 

20 

04 

101 

101 

118 

08 

72 

94 

104 

104 

20 

71 

144 

80 

09 

08,61 

106 

128 

94 

72 

94 

89 

98 

82 


Feetabore 

the 


974 

947 

1,221 

1,178 

878 

967 

1,084 


681 

1,035 

1,256 

685 

708 

668 

1,681 

1,088 

1,016 

1,265 

1,887 

1,064 

1,062 

617 

800 

1,800 

1,128 

972 

648 

091 

1,078 


1,161 

1,251 

060 

1,222 

1,100 

1,663 

1,080 

1,130 

017 

724 

1,068 

1,518 


1,733 
930 

1,061 
027 
904 

878 
1,014 
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rnimx  OF  TO^fNs  and  stations— continued. 

MINNK80TA— OOnttDQed. 


SLCliArlM 

SlClOTBd 

St  Clood  Ja netion 

St.  Crvix  Junction  (C, 

B.andX.) 

St.  Croix  Janet  Ion  (C, 
IL  and  St.  P.) 

Sl.Fnuici« 

StHihdre 

St  Junw 

St.JohD*« 

StJooeph 

SLlAwrenoe 

St  Louis  Rirer 

StMich«el'« 

StPanI 


8tPaal,sen>of  city  lerols 

St  Panl  JanctSon 

St  Peter 

St  Peter  Janctlon 

St.Yineent 

Sanborn 

Saodstooe  JanotSon 

Sargent 

Sank  Center  (K.P.) 

Saok  Center  tSt  P.,  IC. 

andM.) 

Sank  Bapida 

Sawyar 

Sli.ifer'ii 

Shakopee  (C,  M.  de  St 

P.) 

S]iakop«e(a,  St  P.,  IC. 

AO.) 

ShelbiTflle 

Shubaraa... 

SUiiley 

Short  Line  Janctlon 

Stbtwlflaa 

SicottcB 

Silrer  Creek 

SIlTcrLake..-.. 

fitOQX  Falls  Janctlon  ... 

%berg.- 

SUyum 

SwpyEye 

S«ithLake 

SoathBand 

BoathXocUd 


Pftgo* 


lie 

70,85^03 
70,98 


100,101 
08 
81 
120 
88 
70 
125 
88 
84 

15,29,58,63, 
68,09188,96, 
90,  100,122, 
125,129,188 
188 
OO^lOi 
117 
101 
80 
117 
09 
180 
81 

70^77 
80 
19 
60 


125 

127 

107 

80.81 

96,96,97 

62 

19 

84 

86 

126,128 

130 

127 

117 

88 

125 

84 


FeetaboTO 
the 


1,189 
1,087 
1,048 

602 


1,115 

1,086 

1,076 

1,123 

1.088 

748 

l,607t 

959 

703 


602.60 

760 

812 

674 

787 

1,089 

1,119 

1,880 

1,244 

1,255 

1,005 

1,817 

937 

753 

745 

1,055 

1,285 

900 

842 

1,280 

1,271 

1,013 

1,052 

1,637 

1,194 

1,608 

1,034 

1,054 

811 

801 


South  Haven 

Sonth  Stillwater 

Spaulding 

Spicer 

Spirit  Lake 

Spooner'a  Spar 

Sprinfc  Grove 

Spring  Valley 

Springfield 

Stacy 

Staffordaville 

Stanton 

Staplea'a  Mllla 

Starbaok 

Stephen 

Stewart 

Stfllwatar  (C..H.&St  P.) 
Stillwater  (St  P.  &D.)  . 
Stillwater,  leio  of  city 
leyela. 

Still  water  Janctlon 

Stockton , 

Stockwood 

Sturgeon  Lake 

Sammit,  Carver  Co 

Summit,  Carl  ton  Co 

Sumter 

Swanville 

Swede  Grove 

Sylvan  Lake 

Tamarack 

Taopi 

Taylor'a  Falls 

Tenny,  Clay  Co 

Tenney,  Wilkin  Co , 

Theilman 

Thomson  (N.  P.) 

Thomson  (St  P.  ft  D.) . . 

Thoraborg 

Thoraon 

Tilden 

Tinteh 

Tin  tab  Junction 

Topeka 

Tower 

Tracy 

Trosky 

TwinLakea 

Twin  Valley 

Two  Harbors 

Two  Harbora  Junction  . 
Tyler 


Page. 


87 

101 

81 

94 

19 

68 

108 

106 

117 

58 

66 

129 

2U,31 

82 

80 

97 

101 

60 

60 

122 

110 

21 

69 

136 

59 

97 

81 

82 

20 

19 

106,130 

60 

21 

07 

102 

19 

69 

78 

07 

84 

78,88 

83,87 

80 

62 

117, 119 

143 

137 

84 


119 


Feet  above 
the 


1,102 

694 

1.294 

1,167 

610 

917 

1,824 

1,268 

1,025 

886 

927 

920 

1.274 

1.101 

827 

1.064 

601 

723 

638.70 

879 

753 

948 

1,072 

876 

1,115 

1,035 

1,173 

1,192 

1.207 

1.271 

1.342 

791 

922 

990 

742 

1,032 

1.055 

1.206 

1,334 

1.116 

997 

988 

1,148 

1,400 

1,403 

1,702 

1,261 

1,093 

634 

692 
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INDEX  OF  TOWNS  AND  STATIONS— COnttuaed. 

MINNESOTA— continued. 


Ulon 

Underwood 

riica 

YaUuaiH  Park 

Varoo 

Verdi 

Yemiilion 

Yerndald 

Vernon  Center 

Victoria 

ViUatd 

Vinlng 

VloU 

Wabasha 

Waconia 

Wacoata 

Wadena 

Wadena  Janction 

Wall  Lake 

Walnut  Grove 

Waltham 

Wareham 

Warner 

Warren 

Warrendale 

Warsaw 

Waseca 

Watab 

Waiorford  (C.,M.&  St.P.) 
Waterford  (M.  &  St  L.). 

Waterville 

Walk  ins 

Walosoo 

Watson 

Waverly 

Wayaata 

Weaver 

Welch 

Wells 

Wendell 


Page. 


84 

32 
116 

84 
133 
119 

06 

ao 

127 
130 
32 
83 
118 
100, 102, 103 
139 
100 
20 
20,32 
32 
U7 
132 
08 
128 
80 
29 
138 
116,136 
30 
102 
138 
130,188 
67 
38 
96 
82 
82 
101 
102 
107 
67 


Feet  above 
ihe 


1.154 

1,345 

1,170 

808 

1,205 

1,771 

825 

1,349 

1,022 

965 

1,860 

1,891 

1,129 

711 

986 

706 

1,350 

1,352 

1,292 

1,223 

1,825 

1,082 

1,465 

853 

925 

1,009 

1,153 

1,053 

902 

905 

1,010 

1, 162 

980 

1,029 

999 

936 

672 

719 

1,161 

1,148 


WestConoord 

West  St. Paul 

West  Union 

WestooU 

Westport 

Wbaian 

Wheaton 

Wheeler 

Wheelock 

White  Bear 

Whitman 

WUder 

Willmar 

Willmar  Jnnotion 

Willow  River... 

Wilson 

Windom 

Winnebago  City  (C.,H. 

Winnebago  City  (C.,St 

P.,M.4t  O.) 

Winnipeg  Janction 

WiDona(C.,M.&StP.) 
Winona  (C.&N.W.)  .... 

Winthrop 

Wissakode 

Wlthrow...: 

Wolvorton...j. 

Wood  Lake 

Woodstock 

Worthington 

Wright 

Wykoff 

Wyoming 

Toong  America 

Zumbro  Falls 

Zumbrota  (C.  M.  Bl  St. 

P.) 

Zumbrota  (C.  &  N.  W) . . . 
Zumbrota  Junction 
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180 

120 
70 

104 
81 

106 

00 

87 

20 

58,60 

101 

126 

82,94 

82,94 

69 

64 

126 

107 

127 

21,84 

101 

116 

139 

62 

64 

83 

139 

127 

126,144 

19 

106 

58,60 

139 

102 

102 

UR 

116, 118 


FeetaboTO 
the 


1,232 

7U2 
1,837 

883 
1,834 

788 
1,018 
1,112 
1,214 

038 

1,451 

1,131 
1,133 
1,038 
033 
1,356 

1,104 

1,005 

1,181 

660 

668 

1,010 

1,578 

9(0 

029 

1.059 

1,82  J 

1.58& 

1.309 

1,812 

000 

093 

835 

970 
071 
900 


IOWA. 


Abbott 

Afton  Junction 

Akron 

Algona 

Almoral 

AltaVista 

Alton...... 

Arispe 


142 
134 
112 
110 
181 
130 
126 
134 


1,099 
1,162 
1,155 
1,194 
978 
1,155 
1,305 
1,263 


AshtOB  . 
Aurora  . 
Austin.. 
Bailey  .. 
Bard.... 
Barney. . 
Baxter.. 
Bolmond 


126 
131 
112 
180 
140 
134 
184 
144 


l,i45 
1,135 
1,204 
1,282 


1,047 

998 

1,1M 
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INDEX  OF  TOWNS  AND  STATIONS— Continued. 


IOWA— continued. 


Page. 


Bdoit 

B«iaoii*«  GroTO 

Beaton 

Berlin 

Benriek 

Blockton 

Bode 

Bon«ir 

Bosdarant 

Boyd 

Boyden 

Braiiiard 

BriU(C.,  li.&StP.).... 

Brill  <M.&  St.  L.) 

Burlington 

Calliope.... 

Culnuir 

Carleton 

Carpenter 

CaataUa(B..C.K.&K.).. 
CaaUlia(a.K.&St.P.). 

Cedai  FalU 

Cedar  Bapids 

CenU-r  Point 

Ceoterdale 

CharleaClty 

Cbc«ter 

Chickaaaw 

Clarion 

ClarkiTille 

CWarUke 

Clenaont ................ 

CleTM 

Columbttfi  Junction 

Cone 

ConoTer ................. 

Corwith 

Cwtoo 

^^*oondi(B.C.B.&N.).. 
'^lahCO.,  M.&8tP.). 

^von 

^War    

^>^ :::; 

^w. 

^*»b»que 

^^dee 

^^kerton 

^*^^*nngo 

^»«««Tine 

^>y*Mt 


Omage... 
*^Wal«rloo. 


112 
137 
134 
133 
134 
135 
142 
105 
13i 
130 
110 
143 
110 
137 
140 
112 

105, 109 
142 
105 
142 
109 
141 
141 
141 
141 
109 
106 
109 
142 
141 
110 
142 
142 
140 
141 

106^106 
137 
106 
142 
106 
130 
133 
129 

142,144 
181 
181 
138 
131 
131 
142 
126 
133 


Feet  above 
the  sea. 


1,240 

1,222 

1,051 

1,056 

645 

1,074 

1,150 

1,809 

963 

1,128 

1,423 

•919 

1,236 

1,236 

533 

1,182 

1,257 

1,160 

1,190 

1,240 

1.245 

851 

732 

819 

725 

1,005 

1,232 

1,141 

1.168 

924 

1.238 

866 

1,070 

695 

618 

1.235 

1,186 

1,800 

863 

875 

1,194 

889 

L286 

1,1*2 

611 

1,001 

945 

643 

945 

968 

1,305 

843 


Elgin .................... 

Elma 

KImim..: 

Ely 

Kmnietftburg  (B.,  C.B.  & 
N.) 

Emmettaburg  (0,  H.  & 
StP.) 

E8thervil1e(B  ^C.K.&N.) 
Estherville  (C.  M.  &  St 

P.) 

Falrbank 

Farley 

Forest  City 

Fort  Atkinson 

Fort  Dodge  (IILCL) 

Fort  Dodge  (M.  &St  L. 

andD.M.&.F.D.) 

Fort  Dodge  (M.  A  St.  L., 

npper  depot) 

Frodoiicksbarg 

Qaltville 

Gamer 

Garrison 

Gladbrook 

Goldfleld 

Goodell 

Graf 

Grafton 

Granite 

Green  Moantain 

Greene 

Gmndy  Center 

Hanley 

Hardy 

Harper's  Ferty 

Hartley 

Hawarden 

Hasleton 

Heytman's 

High  Lake 

Holland 

Hospers 

Hudson 

Hull 

Humboldt 

Independence 

Inwood 

Iowa  Falls 

Ira 

Kidder  

Knowlton.^. 
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142 
180 
141 
141 

142 

110,  111 
143 

HI 
133 
131 
137 
109 
187 

137 

137 
130 
142 
110. 144 
142 
133 
142 
144 
131 
106 
144 
188 
141 
142 
184 
142 
101 
HO 
121 
142 
101 
111 
142 
126 
138 
110 
137 
141 
110 
142 
134 
131 
134 


Foet  aboce 
the  sea. 

843 

1.182 

751 

741 

1,234 

1,237 
1,284 

1,2G8 
1,0(»0 
1,0G8 
1.226 
1,011 
1,032 

1,016 

1,126 

1,076 

1,198 

1,209 

659 

949 

1,108 

1.236 

768 

1,228 

1,407 

994 

924 

976 

883 

1,129 

646 

1,458 

1,181 

998 

634 

1,266 

995 

1,841 

883 

1,433 

1,005 

021 

1,471 

1,107 

8.'0 

860 

1,093 
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IOWA— oonti  aaed. 


Page. 


LakeMUlB 

JjtLko  Park 

Lamont 

Lan»'uxg 

La  Porte 

Laichwood 

Latty 

Leiand 

LeMan 

Llda 

Lime  Sprio^B 

Linn  Junotion 

Linton 

Liyermoro  (B.,  C.  E.  & 

N.) 

Livermore  (M.  4t  St.  L.) . 

Lorimor 

Lowther 

Lnana  

Lnray 

Madiaon 

Maloy 

Manly  Junction 

Marble  Rock 

Marslialltown 

Mason  City 

Maybaid 

Mediapolis 

Melboame 

Millmau 

Mingo 

Missouri  y  alloy 

Mouette 

Mouona 

Morning  Snn 

Morrison , 

Morse 

Monnt  Aiibam 

NewAlbin 

New  Hampton  (C,  M.  & 

StP.) 

New  Hampton  (C,  St  P. 

&K.G.) 

Nichols 

Norn  Junction 

Nordncss 

Norman 

Norris 

North  McGregor 

Koithwood 

Oaais , 

Ocbeyedan 


137 
143,144 
181 
101 
141 
144 
140 
187 
126 
184 
105 
141 
140 

142 
137 
134 
130 
109 
134 

137, 144 
135 
141 
141 
134 

105, 110 
142 
140 
134 
134 
134 
145 
134 
109 
140 
142 
141 
141 
101 

109 

180 
141 
141 
142 
137 
141 
101, 100 
141 
141 
143 


Feet  above 
the  sea. 


1,270 

1.479 

1,045 

632 

812 

1,462 

733 

1,222 

1,224 

848 

1,246 

766 

771 

1,186 

1.141 

1,224 

1,208 

1,120 

984 

1,214 

1,U6 

1.201 

1.002 

895 

1.128 

1,106 

779 

1,040 

830 

810 

1,002 

1,227 

1,209 

746 

947 

763 

863 

648 

1.154 

1,150 

638 

1,062 

1,035 

1,285 

864 

625 

1,222 

800 


Oelwein(B.,C.R.&N.). 
Oelwein  (C,    St.  P.   & 

K.C.) 

Oneida 

Ossian  (B.,C.R.  &  N.).. 
088ian(C.,M.&StP.  . 

Otranto 

Palo 

Pern 

Pleasant  Ridge 

Plymoath 

Plymouth  Jonotion 

Port  Allen 

Postyille(B.,C.R.ItN). 
PostviUe(G.,M.4&StP.) 

Postville  Junction 

Randalia 

Redhead 

Reinbeck  (B.,  0.  R.  Sl  N.) 
Reinbeok  (C,  St  P.  &  K. 

O.) 

Rioeville 

Rol>ertson 

Rock  Falls 

Rook  Rapids  (R,  C.  R.  & 

N.) 

Rock  Rapids  (C.,St  P., 

M.  &0.) 

Rock  Valley 

Rockford 

Rockton 

Rodman 

Rowan 

Rowley 

Rathven 

St.  Gihnan 

Sanborn 

Santiago 

Seney 

Shannon  City 

Sheldon  (C,  M.  &  St.  P.) 
Sheldon  (C,  St  P.,  M.  &. 

O.) 

Shellrock 

SheUsburg 

Sibley  (B., C.  R.  &N.).. 
Sibley  (C,  St  P.,  M.  &  0.) 
Sioux  City  (C,  M.  Sl  St 

P.) 

Solon 

South  Des  Moines 


1, 651  li  Spencer. 


Paga. 


142 

130,133 
131 
142 
109 
105 
111 
134 
134 
105 

105. 141 
141 
142 
109 
142 
142 
134 
142 

133 
130 
142 
141 

144 

120 
110 
141 
133 
142 
144 
141 
110 
12C 
110 
134 
12C 
134 
110 

126 
141 
141 
143 
126 

112 

141 

134 

.110,111 


Feet  above 
the  sea. 


1,048 

1,036 

1.045 

1,271 

1,269 

1.170 

751 

939 

965 

1,125 

1,126 

612 

1,102 

1,195 

1,062 

1.106 

805 

926 

923 
1,229 
1,175 
1,104 

1,345 

1.317 
1,253 
1,021 

874 
1,193 
1,205 

900 
1.434 
1,445 
1,552 

832 
1,224 
1.139 
1.415 

1,409 

921 

774 

1,502 

1,512 

1,104 
794 
796 

1,819 
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IOWA— continued* 


Spirit  Lake  (B.,  O.  B.  & 

H) 

BpitH  Lake  (C,  IL  Si  St. 

P.) 

SUalej 

State  Line 

Sanner 

SjlTan 

Talmege 

Therpe 

Toddrine 

Traer 

Teleii* 

YiBten 

Welker 


Page. 


140 

143 

111 
131 
141 
130 
184 
184 
181 
Ul 
142 
134 
141,142 
141 


Feet  aboTe 
theaea. 


757 

1.457 

1,458 

1,008 

1,232 

1,000 

842 

1,072 

1,047 

780 

OIC 

818 

810 

800 


Wapello 

Waabbum 

Waterloo 

Wankon  Jnoction 

Wella 

Wealey 

WeatBend 

West  Branch 

Weat  Liberty 

Weat  Union 

Weat  Waterloo... 

Weatfleld 

Weatgate 

Whittemore 

Wllaon'a  Jnnotion 
Winalow 


Ta^e. 


140 
141 
141 
101 
142 
110 
142 
141 
141 
142 
188 
112 
180 
110 
138 
141 


Fi«ot  above 
the 


588 

827 

841 

681 

1,068 

1,257 

1,107 

718 

878 

1,115 

845 

1,131 

1,001 

1,206 

870 

884 


MISSOURL 


(Chicago.  St  Paul  and  Eanaae  City  Railway.) 


Caweod 

Coneeption 

Dean    

Gailfard .^ 

I«iia 

Paraell  City 

Kareawood 

Bea 

Abeicrunibie  ..... 

Abaazaka 

AddJaen 

Adrian 

Alicia 

AUnont 

Alta 

Alios 

AjDonia  .....••..• . 

Andiewa 

Antelope 

Apple  Creek 

Ardock 

ArpUTille........ 

Aftbnr 

ArrUla 

Au'wnm  .......... 

Aroca 

Ayr 


135 
135 
135 
135 
136 
135 
135 
135 


036 

082 

882 

941 

1,063 

1,023 

1,016 

1,064 


St.  Joaeph 

StLooia  diteotrix  (leio 
of  city  levela),  datnm  of 
leveling  by  the  Mia- 
aoori  River  Commiaaion 

Savannah 

Sheridan 


185 


168 
136 
135 


820 


412.71 
1,086 
1,037 


NORTH  DAKOTA. 


00 
02 
00 
86 
68 
23 
22 
83 
00 
24 
23 
23 
84 
83 
60 
72 
84 
74 


085 

1,080 

017 

1,365 

1,157 

1,020 

1,427 

808 

064 

2,478 

2,411 

1,644 

824 

884 

002 

1,017 

042 

1,056 

1.200 


Babcook.... 

Barlow 

Barney 

Barrett 

Bartlett 

Barton 

Bathgate  .... 

Beaoh  

Bean'a 

Belfleld 

Belle  Plalne 

Berlin 

Berthold.... 

Berwick...., 

I 

!  Blabee , 

Blamarok... 

>  Blanchard  .. 
Bloom 

:  Bine  Graaa  .. 


68 

1.324 

87 

1,545 

83 

1,033 

00 

033 

73 

1,620 

81 

1,506 

84 

821 

24 

8,756 

84 

808 

24 

2,670 

88 

1,270 

86 

1,470 

74 

2,082 

74 

1,482 

81 

1,600 

23 

1,670 

00 

047 

22 

1  486 

la 

i    V^u 
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INDEX  OF  TOWNS  AND  STATIONS— contioaed. 

NORTH  DAKOTA — continiied. 


Bottin6ftii  ....*•.....•.< 

Bowdsmont 

Boynton 

Brampton 

BrookUnd 

Baohanan 

Buffalo 

Baford 

Battxviile 

Buxton 

Cando  

Canflold 

Carrington 

Cashd 

Caaseltou  (N.P.) 

Casselton  (St.  P.,M.&  M.) 

Caynga 

Chri8tine..i 

Choroh's  Ferry 

Clement 

Cleveland 

Cliffofd 

Gold  Spring 

-Col&z 

Colgate 

Conway 

Coopersiown 

Cotter's 

CreBoentHill 

Crystal  Springs 

Cnmmings 

Curlew 

Dalrymple 

Davenport.... 

Dawson 

Dasey 

De  Lamere 

DeViUo 

DelU 

Denbigh 

Des  Lacs 

Devil's  Lake 

Dickey 

Dickinson 

Drayton 

Drisooll 

Dusne 

Dnrbin   

Dwight 

Eagle's  Nest 

Bokelson 

Bdgeley  (C^  M.  ft  St.  P.). 


Pftge. 


81 
85 
68 

lU 
88 
87 
22 
76 
85 
83 
81 
21 
87 
85 
22 
90 
87 
80 
78,81 
68 
28 
02 
28 
00 
82 
00 
87 
35 
88 
22 
83 


85>00 
28 
87 
88 

87 
74 
74 
74 
73 
86 
24 
85 
28 

115 
00 
00 
23 
22 

115 


I^t  above 
the 


1,638 

701 
1,407 
1,201 
1.804 
1,548 
1,202 
1,044 
1,173 

830 
1,488 

005 
1,584 

804 

034 

038 
1,140 

028 
1,458 
1,304 
1,842 
1,055 
1.864 

060 
1,177 

068 
1,428 

Oil 
1,813 
1.782 

028 
1,056 

022 

023 
1,748 
1,483 
1,066 

087 
^258 
1,485 
1.807 
1,464 
1,860 
2,405 

708 
1,871 
1,478 

018 

054 
2.008 
1,445 
1,556 


Edgeloy  (N.P.) 

Edinburgh 

Edmunds 

Eland 

Eldrldge 

Elgin 

EUendale  (C,  IC.  ft  St  P.) 
Ellendale  (St.  P.,  1£  ft 

M.) 

Elliott 

Elton 

Emerado 

Erie 

Everest 

Fairmount  (C,  M.  ft  St 

P.) 

Fairmount  (M.  ft  P.)  .... 

Falrview 

Fargo  (C,  M.  ft  St  P.)  .. 
Fargo  (N.  P.) 

Fargo  (St  P.,  H.  ft  M.).. 

Fannington 

Forest  River / 

Forman 

Fort  Totten  Station 

Fryburg 

Fallerton 

Oalesbnrg 

Gardner 

Geneseo 

Geneva  

GUby 

Gladstone 

Glasston ... 

Glenullen 

Glover 

Grafton  (N.P.I 

Grafton  (St  P.,  M.  ft  M.) . 

Grand  Forks  (N.  P.) 

Grand  Forks  (St  P.,M. 

ft  M.) 

Grand  Forks  J'nnctlon. .. 

Grand  Harbor 

Grandin 

Grand  Rapids 

Granville 

Greene 

Greenfield 

Guelph 

Haggart 

Hamilton 

Hankinson  (M.  ft  P.) .... 


Page. 


86 
01 
87 
24 
22 
02 
115 

80 
86 
74 
72 
01 
00,01 

00 
67 
83 
SO 
21 
83 
88 
34 
68 
87 
24 
68 
02 
83 
87 
28 
84 
28 
84 
23 
86 
85 
84 
84 

72,84 
72,84 
78 
88 
86 
74 
22 
.00 
80 
21 
84 
68 


Feet  above 
the  ttea. 


I,ri68 
1,180 
1.597 
2.436 
1,541 
1,200 
1,440 

1.453 
1.310 
2,105 

808 
1,126 

935 

083 

085 

067 

003 

005 

002 

062^ 

862* 

1,251 

1.566 

2,768 

1,442 

1,070 

886 

1,164 

1,836 

879 

2,348 

836 

8,070 

1,873 

824 

827 

884 

880 
836 

1.454 
801 

1,881 

1,503 
816 
918 

1,868 
005 
824 

1,070 
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Page. 


HBDldBfloii   (St  P^    AL 

AM.) - 

llaonaford »»- 

Harlem.... *.** 

Harwood  ..* 

HftUoo 

HaTana • 

Hebron ...•• 

Bfckaon 

Hfflaboro 

HotMTt 

Hope 

Horace 

Haater 

lokater 

Jamestown 

Johnatown 

JoUeite 

KtUey'a 

Kelao 

K'-mpton 

Kindred 

Knife  River 

Knox 

Knrts 

LakoU 

Lalloora 

Laogdon 

Latimore .. 

Laeda 

Lehigh 

Leonard  

Levant 

Lid;;erwood  (H.  A  P.) . . 
Li«lxerwood   (St  P.»  H. 

AM.) 

Liabon 

LaUeHiacomi 

Lone  Tree 

Lodden 

McCanna 

MeK^ute 

Magnolia 

Mandan 

MAniton 

Manvel 

Mapee 

MM»leU« 

Mannot 

Maxahan 

MayriUe 

MecUnoek 

Medbexjr 


67 
87 
114 
83 
90 
88 
23 
08 
83 
22 
02 
85 
00 
00 

22,36 
84 
85 
84 
83 
00 
00 
28 
74 
28 
78 
86 
01 

78,00 
78 
83 
85 
84 
68 

87 
86 
94 

74 

121 

00 

23 


74 
84 
73 
21 
28 
.86 
00 
84 
86 


Feet  above 
the 


1,068 

1,382 

1,823 

880 

1,085 

1,204 

2,166 

817 

001 

1,410 

1,241 

010 

060 

1,036 

1,408 

871 

704 

842 

807 

1,127 

042 

2,188 

1,605 

2,025 

1,514 

1,307 

1,610 

1,134 

1.514 

057 

1,047 

822 

1,002 

1,122 
1,001 
2,266 
1,005 
1,803 
1,140 
1,608 
1,077 
1,646 
21275 

818 
1,026 

007 
1,731 
1.343 

078 

861 
1,522 


Medina 

Medora 

MelvUle 

Menoken * 

Michigan  City.^. 

Milnor 

Milton 

Minnewaukan 

Minot 

Mlnto 

Monango  

MontpeUer 

Mooreton 

Murray 

Neche ... 

New  Rockford 

New  Salem 

Niagara 

Nicholson 

Northwood 

Norwich .^ 

Oakea  (0.  A  N.  W..  and 

N.P.) 

Oakea  (M.  A  P) 

Oberon 

OdeU 

OjaU.-.., 

Orlska 

Orr's .' 

Osnabrock 

Oswald 

Page  City 

Park  River 

Park  River  Junction. . . . . 

Parkhorst 

Porobina 

Perry 

Perth 

Petersbnrg 

Pingree 

Pleaaant  Lake 

Portland 

Portland  Junction 

Ransom 

Ray 

Reynolds 

Riohardton 

Ripon 

Riverdale 

Rolla 

RoseviUe 

Ross,  Foster  Co 

Ross,  MonntraiUeCo  ..•• 


Page. 


24 

87 
23 
78 
33 
01 
87 
74 
84 
115 
36 
83 
00 
84 
87 
23 
78 
68 
00 
74 

86,121 
68 
87 
87 
72 
S2 
00 
01 
68 
02 
00 

78,00 
87 
36 
68 
81 
78 
87 
74 
08 

00.02 
68 
74 
84 
23 
01 
88 
81 


Feet  above 
the 


87 

u\ 


1,704 
^267 
1,603 
1,720 
l,5i7 
1,007 
1.566 
1,461 
1,537 
820 
1,503 
1.358 
OGO 
060 
831 
1,531 
2.163 
1,440 
1,309 
1,110 
1,526 

1,813 
1,322 
1,550 
1,426 

858 
1,270 
1.096 
1,620 

089 
1,175 

008 
1,133 
1,502 

780 
1,205 
1,731 
1,510 
1,550 
1.603 

083 
l,00i» 
1,131 
2,271 

010 
2,406 
1,040 
1,304 
1,818 
1,000 
1«591 
\^» 
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Bagby  Junction 

Katlaml 

St.John 

Bt.TbomM 

Baubom 

SM'gent 

Saanden 

Scbumieior 

Scoria 

Sedalia 

Seutinel  Butte 

Sewall 

Sheldon 

Sbej^enne 

Sidney 

Silver  Leaf 

Sims 

SoQora 

South  Heart 

Splritwood 

Spiague  Lake 

Spriug  Brook 

Stanley 

Steele 

Sterling 

Stiles  (M.&P.) 

Stilus  (St.  P.,  M.  4&  M.). 

Straubville 

Sully  Springs 

Sunnyside   

Sweet  Brier 

Sykeston 


Page. 


74.81 
88 
81 
84 

22,87 
114 
98 
84 
24 
23 
24 
09 
85 
07 
22 
89 
28 
87 
24 
22 
88 
74 
74 
22 
23 
68 
87 
88 
24 
23 
28 
87 


Feet  above 


1,561 

1,225 

1,945 

840 

1,444 

1,808 

907 

826 

2,482 

2,032 

2,709 


1,080 
1,480 

954 
1,405 
1,962 

988 
2,482 
1,479 
1,219 
2,113 
2,252 
V859 
1,867 
1,181 
1,189 
1,314 
2,575 
1,658 
1,806 
1,028 


Tappen 

Taylor 

Thompaon 

Tioga 

Tovranda 

Tower  Ci^ 

Towner 

Trenton 

Tyler 

University 

Urbana 

Valley  City 

Valley  Junction 

Verona 

Vo8s 

Wahpeton 

Waloott 

Walkce 

Warren 

Wheatland 

Wheelock 

White  Barth.... 

Wild  Rice 

Williaton 

Willow  City.... 

Windsor 

Woodhull 

Woods 

Wyndmere 

York 

Ypsilanti 


Pageu 


84 
74 
68 
22 
74 
75 
99 
72,84 
22 
22 
30 
86 
34 

33, 83, 90, 99 
90 
74 
85 
22 
74 
74 
99 
75 
81 
22 
99 
35 
83 
78 
86 


Feetabore 
the 


1,762 

2,488 

865 

2,273 

1,318 

1,172 

1,475 

1,894 

969 

833 

1.472 

1,S20 

1,403 

1,887 

842 

965 

960 

2,182 

926 

903 

2,874 

2,087 

911 

1,864 

1,471 

1.840 

951 

952 

1,062 

1,612 

1,381 


fldUTH  DAKOTA. 


Aberdeen. 


Albee 

Aloester... 
Alexandria 

Alpena 

Altamont.. 
Amherst  ... 
Andover... 
Appleby — 
Arlington  . 
Arraour.... 
Artesian... 
Anhton .... 

Athol 

Aurora 

Bancroft 


88, 99. 115. 
120 

86 
121 
110 
115 
117 

88 
98,114 
120 
119 
114 
108 
115 
120 
119 


1,800 

1,184 
1,846 
1,352 
1,819 
1,834 
1,312 
1,476 
1,711 
1.846 
1.521 
1.813 
1,206 
1,296 
1,630 
1,561 


Bath 

Beresford 

Big  Stone  City 

Blunt 

Bon^lla 

Bowdle 

Bradley 

Bramball 

Brandon 

Bridgewater . . 

Bristol 

Britton 

Broadland  ..... 
Brookings  .... 

Bruce 

Bryant 

Buflfiftlo  Gap... 


99 
121 

98 
120 
115 

99 
114 
119 
128 
110 
96,114 
114 
120 
119 
120 
114 
146 


1,801 
1.505 
070 
1,621 
1,338 
1,095 
1,706 
1,810 
1,319 
1.43. 
1,775 
1,854 
1,308 
1,636 
1,640 
1,844 
8,262 
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Burb'ok 

Barch 

Bnrkmere  ...^... 

Buhnell 

Batter 

Cftaistota 

Caoniog 

Canara 

Canton 

Canton  Jnnctioii. 

Carthage 

Caatlewood 

CftToor 

Ccntenrille • 

Cbaaiberiaiii 

Qaremont 

CbrkConter 

Clear  Lake 

ColamUa 

Ceode 

Corona 

Caraon 

Ctandon 

Boadwood 

DenRapida 

Ddaont 

Dempater 

DeSmet 

IMand 

Itarbam ......... 

EaatElnid 

Xaai  Piene 

Edea 


Elk  Point 

Xlktoa(B..C.B.&K.). 
Elkton(C.*K.W.)  ... 

Bred 

Knrfa  ................. 


EatcUtne 

Ethan , 

Enreka 

FairTfeWpKlngabary  Co. 
Fkfrvlew,  Lineolxi  Co . . . 
Faalkton(C.,  M.de  St.P.) . . 
yaii]kton(a&N.  W^.).. 


Foffeathgrg  . 
FmreatTille. 


Page. 


118 
88 

117 
148 
lU 
121 
120 
121 
110 

110,118 
121 
120 
UO 
121 
Ul 
88 
117 
143 
121 
110 
100 
06 
120 
140 
118 
114 
120 
110 

117,110 
148 
114 
120 
112 

107, 118 

112,118 
143 
110 
117 
114 
121 
120 
114 
116 
110 
112 
116 
117 
UO 
107 
108 
86 
117 


Feet  above 
the 


1,142 
1,206 
1,748 
1,604 
1,820 
1,455 
1,553 
1,627 
1,248 
1,263 
1,438 
1,685 
1,811 
1,229 
1,363 
1,802 
1.780 
1,800 
1,304 
1,313 
1,173 
1,862 
1.805 
4.645 
1,485 
1,488 
1,666 
1,726 
1,355 
1,936 
1,818 
1,460 
1,222 
1,525 
1,131 
1,742 
1,751 
1,807 
1,860 
1,433 
1,650 
1.345 
l,8»i 
1.5i2 
1.214 
1,573 
1,593 
1,300 
1,665 
1,231 
1,868 
1,206 


Frederick 

Freeman • 

Fulton 

Garden  City 

Gary 

Gayrille 

Gettyabarg 

Goodwin 

Groton(C.,M.&StP.) 
Qroton(C.&N.W.)... 

GroTor 

Harold 

HuTiabnrg 

Hartford 

Hasel 

Ileola 

Henry 

Hennoaa 

Higbmore 

HilUview 

Hitchcock 

Holabird 

Hosmer 

Houghton 

Howard. 

HaiTton  

Hurley    

Haron  (C.AN.W.)  ... 
Haron  (St.P.,M.  &M.) 

Ipswich 

Iroqnoia 

James  RlTer 

James  Valley  Junction 

Jefferson 

Kampeska 

Kent 

Kidder 

KimbaU 

Kraniborg 

La  Bolt 

Lake  Preston 

Langford 

Lebanon 

Lennox 

Lestoryille 

Letcher 

Loyalton 

McCook 

Ifadison 

Manchester 

Mansfield 

Marion  Jnnctioii 


^age. 


115 
112 
128 
114 
117 
113 
117 
117 

08 
UO 

86 
120 
113 
128 

86 
121 
117 
146 
110 
U6 
120 
119 
116 
121 
108 

88 
12i 
110 

86 

119, 121 
112 

119, 120 
112 
117 
114 
88 
Ul 
117 
86 
114 
114 
117 
110 
114 
116 
116 
112 

108,114 
110 
120 

110,112 


Feet  above 
the  sea. 


1.371 
1.611 
1.332 
1.853 
1,484 
1.167 
2,082 
1,006 
1,304 
1.301 
1,742 
1.801 
1.410 
1.564 
1,705 
],3i)l 
1.812 
8,285 
1,800 
1,819 
1.839 
1,795 
1,901 
1.302 
1,564 
1,307 
1, 268 
1,285 
1,287 
1,530 
1,401 
1,103 
1,312 
1,118 
1.766 
1.839 
1,295 
1,788 
1,982 
1,362 
1,722 
1,372 
1,956 
l,35t 
1.385 
1,300 
1,686 
1,112 
1.669 
1.542 
1,800 
\«4» 
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Mftryin 

Bfockling ~. 

Mellette 

Mt'DDO 

Milbaok 

Iffllard 

Miller 

Mina 

Mirandft 

Mitchell  (C.,M.  ASt.P.) . 

MitctaeU  (C,  St.  P.,  M. 

AG.) 

Montrose 

Mount  Vomon 

Naples 

Newark 

Notdland ^•. 

Norttaville 

Oldtasm 

Oidway 

Orient 

Osceola 

Palisades 

rarke7(C.,M.&StP.)... 

Parker  (0.  &  N.  W.) 

Parkston 

Pennington  

Pierpont 

Pierre  

Plana 

Plankinton 

Preston 

Packwaua 

Putney 

Ramona 

Rapid  City 

RanTille 

Raymond 

Uedfleld  (C,  M.  &.  St.  P.) . 
Re<iaeld(C.&K.W.).... 

Ree  Heights 

Revillo 

Rookham 

Roscoe 

Ronssean 

Rudolph 

Running  Water 

St.  Lawrence 

Salem  (C.&K.W.) 

Salom  (C,  St  P.,  M.  &  O.) 
Scotland 


Page. 


06 
US 
115 
112 

oe,ioo 

U6 

119 

90 

117 

111,114, 

115b  IW 

128 
128 
111 
114 
114 
119 
120 
114 
120 
UO 
86 
96 
UO 
121 
114 
146 
114 
120 
88 
111 

no 

111 
88 

114 
146 
86 
117 
116 

117,120 
119 
140 
117 
99,116 
120 
120 
112 
119 
121 
128 

112, 114 


Feet  above 
the 


1,667 
1,166 
1,900 
1,824 
1,148 
1,640 
1,587 
1,482 
1,447 
1,801 


1,812 
1,474 
1,413 
1,791 
1,808 
1,'846 
1.299 
1,721 
1.806 
1,590 
1,453 
1,457 
1,848 
1,840 
1,400 
4.972 
1,512 
1,440 
1,802 
1,628 
1.696 
1,546 
1,806 
1,801 
8,198 
1,757 
1,458 
1,295 
1,300 
1,731 
1,208 
1,894 
1,826 
1,427 
1,801 
1,220 
1,580 
1,617 
1,520 
1,847 


Sheffield 

Sherman 

Sionx  Falls  (B.,0.  R.  AX.) 
Sioux  Falls  (C,  M.  and  St. 

P.) 

Slonx  Falls  (C,  St  P.,  M. 

&0.  and  HI.  Cent)  .... 
SionxFalU(StP..  M.* 

M.) 

Sionx  Falls,  sero  of  city 

levels 

Sionx  Falls  Jnnotion 

Spain 

Spenoer 

Springdale 

Springfield 

Storgis 

Summit 

Toronto 

Tripp 

Troy 

Talare 

Tnrton 

Tyndall 

Utioa 

Valley  Springs 

Verdon 

Vermilion 

Vienna 

Vilaa 

Virgil 

Volga 

Volin 

Wakonda 

Walrath 

Warner 

Watertown  (C.  &  N.W.) 
Watertown  (M.  &  St  L. 

and  B.,  C.  R.  &  N.) 

Watertown  (St  P.,  M. 

&M.) 

Watertown  Jnnotion 

Wanbay 

Waverly 

Webster 

Wesslngton 

Westport 

White 

White  Lake 

White  Rock 

Whitewood 


P»g6. 


117 

86 

96 

113,144 

118 

118^128 

96 

US 
107,118 
114 
128 
144 
U2 
146 

08 
143 
114 
140 
U6 
119 
118 
118 
128 
119 
118 

86 
121 
115 
119 
121 
121 

86 

116 

117,120 

140^143 

86 
U9,120 

96 
140 

98 
119 
115 
143 
HI 

99 
140 


Feet  above 
the 


1,911 
1,800 
1,406 
1,400 


1, 


1,897 

1,420 

1.807 
1,614 
1,837 
1,387 
1,400 
1,234 
3,467 
2,000 
1,094 
1,568 
1,886 
1,317 
1,823 
1,418 
1,387 
1,395 
1,304 
1,150 
1,837 
1,480 
1,341 
1,636 
1,181 
1,390 
1,164 
1,801 
1,738 

1,784 

1.726 
1,604 
1,813 
1,998 
1,842 
1,419 
1,S» 
1,778 
1.646 
973 
8^610 


INDEXSa 
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mmsx  OP  TOWNS  autd  stations— continaed. 

BOUTH  DAKOTA— oontinaed. 


WQhyvLAkM 

Wilmoi 

Wilnn 

Wo]aey(C.,lI.&StP.). 
Wobey  (a&K.W.) ... 
WoffMocket 


Pftge^ 


86 

JOO 
140 
116 
110 
lOS^US 


Feet Above 
the 


1,786 
1,196 
1,366 
1,368 
1,348 
1,308 


Worthing 

Yale 

Yukton  (C,  M.  4e  St 

r.) 

YaBkton  (a  &  K.  W.) . . 
Zell , 


Page. 


IJO 
88 

113 
121 
117 


Feet  above 
the 


1,864 
1,340 

1,1M 
1,206 
1,365 


MONTANA. 


AfaiaUe 

Allud 

Aike 

Ajbfield 

AMianiboine 
Avon 

BeanDonth  .. 
BeaTerHiU.. 


Bednvd....< 
Bdgiade.... 

Belknsp 

Beatoo 

KsHorn... 
Big  Sandy.. 
Bi|;  Timber. 

BUKags 

BhtUeye.... 

Blair 

Bbtebford.. 
Booito 


BoalderCity  .. 
Bavdohi.  ••.•*. 
BexEMer 


BrUWa 

Braektoo 

BanXoontain 

Boiler ,. 

BatteCity 

Cain 

CtUlt 

CilTin 

Cirlaii 

Cataract 

Chelsea 

Chieory 

CUaook 

Cbaabar 

Cfasey 

(iaauU 


24 

24 
36 
76 
76 
26 
26 
24 
76 
26 
26 
26 
76 
24 
78 
26 
25 
25 
75 
24 
26 
26 
88 
76 
76 
26 
88 
75 
24 
26 
28 
76 
76 
88 
25 
88 
76 
38 
76 
88 
38 


2,374 
2,246 
8,050 
2,206 
2,576 
4,677 
8,788 
2,767 
2,168 
8,884 
4,437 
2,405 
2,850 
2,600 
2,600 
4,072 
8,117 
4,210 
1,020 
2.247 
8,566 
8,297 
4,020 
^209 
2,660 
4,754 
4,682 
1.045 
2.812 
4.727 
5^703 
2,837 
1,034 
5^666 
8,684 
5^274 
1,080 
4,847 
2,401 
6,172 
4,317 
4|126 


Clermont 

Clongh  Junction 

Coal  Spar 

Corbln 

CorvalliB 

Cmse 

Calberteon 

Caster 

Dafley'a 

De  Smet 

Dixon 

Dodaon 

Dmmmond 

Dry  Fork 

Danoan 

Eddy 

SUiston 

Elton 

Emigrant  •••.... . 

Enreka 

Evaro 

Exeter 

Fallon 

Flint 

Florence 

Flowerree 

Foraythe 

Fort  Bel  knap.... 

Fort  Keogh 

Gallatin 

Oariiaon 

Qlaagow 

Glendlve 

Gold  Bar 

Gold  Creek 

Gordon 

Great  Falls 

Greycliff 

Hamilton 

Harlem 

Hathaway 

Havre -. 


26 

2.050 

25.30 

4.315 

25 

4.787 

38 

4,753 

30 

3,474 

80 

4,586 

76 

1,018 

24 

2,727 

88 

4,018 

26 

8,216 

24 

^822 

76 

2,270 

25.80 

8,046 

76 

^064 

26 

31400 

26 

2,415 

25 

5,088 

25 

4,282 

88 

4.862 

76 

2,301 

26 

8,048 

76 

2.254 

24 

2.208 

30 

4,834 

30 

3.240 

77 

3,203 

24 

2.514 

76 

2.401 

24 

2,367 

25 

4.032 

25 

4,317 

76 

as,  087 

24 

2,069 

38 

4.490 

25 

4.255 

25 

4,907 

77 

3,312 

25 

8,847 

25 

i242 

76 

^350 

24 

^488 

n 

[       \vek 
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INDEXES. 


INDEX  Of   TOWNS  AND  STATIONS— CODtinued. 

MONTANA — continued. 


Heleoa 

Heron 

Hinadato 

Hodges 

Hodgaon 

Hone  Flalna 

Horton 

Howard 

Huntley 

Jefferson 

Jefferaon  Junction 

Jocko - 

Johnstown 

Kessler's 

Kilva 

Kintyre 

Lanark 

Laredo 

Laurel 

Lenox 

Livingston 

Lloyd 

LonLoa 

McClellan 

Macon 

Magpie 

MalU 

Marias 

Marysville 

MerriU 

Miles  City 

MilkKiver 

Milton 

Mingosville 

Mission 

Missonia 

Moose  Greek 

Moreland 

Mnir 

MuUan 

Myers 

Nashua 

New  Chicago 

>ToTthFork 

Noxon 

Oswego 

Fainted  Rock 

Park  City ^ 


Pago. 


26^88 
26 
75 
2i 
88 
26 
24 
24 
25 
88 
88 
26 
77 
88 
75 
76 
75 
76 
25 
76 

25,38 
25 
89 
24 
76 
25 
76 
76 
89 
26 
U 
76 
24 
24 
25 

2ft  89 
88 
25 
25 
25 
24 
75 
30 
76 
26 
76 
25 
25 


Feet  above 
the  sea. 


8,932 
2,261 
2,162 
2,508 
4.858 
2,463 
2,306 
2,561 
8,014 
4.537 
4,515 
2,509 
8,811 
8,030 
1,955 
2,082 
1,976 
2,627 
8,255 
2,072 
4,487 
4,207 
8,175 
2,687 
1,076 
8,981 
2,242 
2,561 
6,876 
8,657 
2,855 
2,948 
2,116 
2,652 
4,845 
8,197 
4,881 
4,220 
6,602 
6,532 
2,659 
2,060 
4,037 
2.881 
2,186 
2,018 
8,055 
8.387 


Penna 

Phillipsbnrg 

Placer 

Pompey's  Pillar 

Poplar 

Portage 

Prickly  Pear  Jonction. . 

Rapids 

Ravalli 

Red  Mountain  Jonction 

Reedpoint 

Rimini 

Riverside 

Rosebnd 

Saoo 

Sanders 

Savoy 

Sidney 

Sphinx 

Springdale 

Stevensville 

Stillwater 

Stockholm 

Stone 

Tampioo 

Terry 

Teton..: 

Thermal  Springs 

Toledo 

Toston 

Townsend 

Trail  Creek 

Tront  Creek 

Tunis 

Vandalia 

Verona 

Victor 

Wagner 

Wallace 

Watson 

Wayne 

Whately 

Wickes 

Willows 

Wolf  Point 

Tantio 

Zurich — 


Pago. 


26 
89 
25 
24 
75 
77 

25,38 
25 
26 

26.38 
25 
38 
24 
24 
76 
24 
76 
77 
38 
25 
89 
26 
75 
39 
75 
24 
76 
88 
76 
25 
25 
38 
26 
77 
75 
76 
89 
76 
26 
77 
76 
75 
88 
76 
75 
76 
76 


Feet  above 
the  sea. 


2,405 

6,167 

4,292 

2,871 

1,955 

3,413 

3,8K0 

3.517 

2.G02 

3.009 

3.C87 

5.183 

2.779 

2,462 

2.175 

2,  £05 

2,324 

8.008 

5.072 

4,100 

3,200 

3,572 

2,093 

4.530 

2,105 

2,242 

2.626 

4.027 

2,456 

8.915 

3.811 

4.8-J2 

2.376 

2.957 

2,120 

2,708 

8,391 

2,258 

3,450 

8,470 

2,832 

2,086 

6,163 

1,889 

1,995 

2,431 

2,368 
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INDEX  OF  TOWNS  AND  STATIONS— Continued. 


NSBRA8KA. 


(Fremont,  Elkhorn  and  Miaaouri  Vidtoy  lUilrottd.) 


Cbadroo  ..... 
Crookston  .... 
FoK  Robinaon 

Fremont 

Gonlun 


Pagei 


145 
145 
145 

145 


Fi^t  above 
the 


3,350 
2,570 
8,775 
1,103 
3,547 


Long  Pine 

Norfolk  Jaoetlon 

Staart 

Thaoher 

Valentine 


Page. 


145 
145 
145 
145 
145 


Feet  above 
the 


2,806 
1,516 
2,151 
2,640 
2,570 


WYOMIKG. 


(Fremont,  Blkhom  and  Miaaouri  Valley  Railroad.) 


Caaper 

Dooglaa 

............. 


145 

145 
145 


6,118 
4,810 
4,752 


Lnak 

VanTaaaeli 


145 
145 


5,007 
4,727 


IDAHO. 


(Northern  Pacido  Railroad.) 


▲l^ma 
▲thol  . 
Calitnet 
Cbileo  . 


26 
26 
26 
26 


2,214 
2,210 
2,187 
2,450 


Clark'a  Fork 

Granite 

Hope 

Sand  Point . 


26 
26 


2,086 
2,290 
2,108 
2,100 


WASHINGTON. 


(Northern  Pacific  Railroad.) 


20 

27 
27 
28 


27 
27 
27 
28 
28 
28 
28 
28 
26 
28 
26 
28 
26 


351 

66 

687 

630 

685 

716 

1.790 

473 

83 

207 

204 

1,012 

2,164 

1.088 

S,171 

1,513 

600 

734 

1,050 

1,544 

2,128 


Ealama 

Kennewiok 

Klona  

Lakevievr 

Lind 

&ffabton 

Maraball  Junction 

Martin 

Maywnod 

Meeker 

Nelaon'a 

Palmer 

Paloaae  Jaiiction  . 
Paaco  Junction . . . 

Proaaer 

Puyallup 

Relief 

Reeerratlon 

Ritaville 

Rosa 

Satua 


27 
27 
27 
27 
26 
27 
26 
28 
28 
90 
28 
28 
26 
27 
27 
20 
27 
29 
26 


400 

824 

1.863 

722 

2,134 

2,777 

1.345 

62 

2,082 

874 

858 

885 

668 

45 

665 

12 

1,826 

1,261 
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tKDEXEd. 


INDEX  OF  TOWNS  AND  STATIONS— continaed. 

WASHINGTON— Hsontinaed. 


Belah 

Bimooe 

Sooth  Prairie.. 
Spokane  Falls.. 

Spragae 

Stampede 

Stevens 

Stnok  Jnnction 

Taooma 

Teanawr.y 

Tenino 


Pagei 


28 
28 
29 
26 
28 
28 
28 
29 
27.29 
28 
27 


Feet  above 
tbe 


1,151 

863 

433 

1.910 

1.908 

2,746 

2,282 

100 

31 

1,830 

316 


Thorp... 

Thrall 

Toppenish...!... 

Trent 

Umtanam 

Walla  Walltf!^^. 
Wallola  Junction 

Weston 

Winlook 

Yakima 

Felm  Prairie 


Page. 


28 
28 
26 
28 
26 
26 
28 
27 
28 
27 


Feet  above 
the 


1,661 
•    1,437 

76S 
1.969 
1,351 

925 

326 
1.854 

328 
1,068 

887 


ORKQON. 


(Northern  Pacific  Railroad.) 


Alkali 

Bonneville.... 
Bridal  Veil ... 

Geiao 

Glamie 

Colnmbia  City 

Coyote ... 

Dalles 

Grant's 


27 
27 
27 
27 
27 
27 
27 
27 
27 


232 
60 
46 

160 
214 
90 
257 
106 
180 


Juniper '..... 

Hosier 

Portland 

Quinn's 

Troutdale 

Umatilla  Junction 

Viento 

Willows 


26 
27 
27 
27 
27 
26 
27 
27 


318 
106 

80 
236 

00 
SOS 
104 
234 


ONTARIO. 


Barclay 

iBeaver 

Bomhenr 

Bridge  River  . 

Bral6 

Buda 

Butler 

CarlstAd 

Deception 

Eagle  River... 
Xngliah  River 

Falcon 

Finmark 

Fort  WUliam . 

OUbert 

Ignaoe 

Ingolf 

Kalmar 

Xaminlstiqnia 
Xeewatin 


41 
42 
41 
41 
41 
40 
41 
41 
42 
41 
41 
41 
46 
40 
41 
41 
42 
42 
40 
42 


1,251 
1,186 
1,630 
1,543 
1,856 
1,173 
1,423 
1,615 
1,136 
1,186 
1,517 
1,609 
1,180 
615 
1,217 
1,487 
1,184 
1,217 
1,013 
1,075 


Hawk  Lake... 
Liukooping... 

Lofoden 

Martin 

Mnrlllo 

Noidland 

Oster«uud  .... 

Oxdrift 

Parry  wood  ... 
Port  Arthur.. 

Raleigh 

Rat  PorUge.. 

Rosslaud 

Savanne 

Summit 

Taoh6 

Upsala 

Vermilion  Bay 
Wabigoon  .... 


42 

1.M9 

40 

1.534 

40 

1.078 

41 

1,667 

40 

947 

40 

1,643 

42 

1.105 

41 

1,162 

41 

1.2&2 

40 

828 

41 

1,440 

42 

1,087 

42 

1,128 

41 

1,666 

42 

1,888 

41 

1,866 

41 

1,679 

41 

i.ai 

41 

1,2U 

IKDEXfiS. 
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l^DBx  OF  TOWNS  AND  STATIONS — continaed. 


MANITOBA. 


Alexander 

Arden ............ 

AlDMld 

AiMtin..... ....... 

Bikfot 

Bemsley 

BasAwood 

BeMuejour 

Bergen 

BInacartb  

Biid'sHlU 

Birtle 

BoiMeratn 

Brandon — ... 

Bridge  Creek 

Banuide 

Cer  berry 

Cartwright 

Chatcr 

Clearwater 

CroMLake 

Crystal  City 

Cypreaa  UWer .... 

Darlingfurd 

Darwin 

Deloralne 

UeniakMi  City.... 

Douglas 

Dolhwt 

East  Selkirk 

Xfkhoni 

Kbu  Crick 

Snwrson 

Foxwama , 

Glsdstone 

Qlenboro 

OoDor  

Ontna 

Oriswold 

Har:<rTaTe 

Harrowby  ...■••.« 

Hsadiagly 

HighBlaff 

Hollsnd 

Hohnfleld 

Kfllloe 

Kemnay 

Killan^ 

LaRlTlAre 

La  Salle 

Utile  Pembina... 
Lowar  Fort  OarOr 


Page. 


4t 

53 
49 
41 
44 
61 
54 
43 
43 
55 
43 
55 
SO 
44 
64 
44 
4t 
50 
44 
60 
42 
60 
61 
60 
42 
60 
40 
44 
49 
43 
44 
51 

49,50.81,169 
65 
63 
61 
43 
49;  84, 189 
44 
44 
66 
61 
43 
61 
60 
65 
44 
60 
60 
49 
60 
62 


Feot  above 
the 


1,406 
1,086 

794 
1,006 

935 

864 
1.949 

814 

784 
1.713 

760 
1.703 
1.083 
1,194 
1,000 

872 
1.258 
1.533 
1,213 
1.498 
1.09J 

l.5i:t 

1,232 
1.600 

971 
1.644 

786 
1,222 

791 

743 
1,630 

810 

790 
1.742 

883 
1,231 

787 

829 
1,417 
1.679 
1.683 

770 

829 
1,237 
1.651 
1,814 
1.364 
1,826 
1.804 

770 
1.049 

764 


McGregor 

Macdonald 

Manitou 

Marqaetle 

Maryland  

Meadows 

Melbourne... 

Midway 

Minnedosa 

MoDmoulb 

Morden 

Morris 

Keepawa 

Newdale 

NlvefTUle 

Oak  Lake 

Otterburpe 

Pilot  Mound 

Poplar  Point 

Portage  la  Prairie  . 

Rapid  City 

Keabum  

Keonie 

iliverdale 

Koseufeld 

Roeaer 

RasseU 

St.  Bouil'ace 

St.  James 

StNorbert 

Sewell 

Shelly 

Shoal  Lake 

Solsgirth 

SUrbuck 

Stonewall 

Stony  Moantain  . . . 

Stratbclair 

Sydney 

Telford 

ThomhiU 

Trebeme 

Tyndall 

Virden 

West  Lynne 

West  Selkirk 

Westbonme 

WbiteiDoiith 

Winnipeg 

Winnipeg  Junction 
Wood»iie 


Paga. 


«, 


44 
68 

60 
43 
61 
43 
44 
63 

64,56 
43 
50 
49 
64 
64 
49 
44 
49 
60 
43 

43.52 
66 
43 
42 
65 
49 
43 
66 
49 
49 
49 
44 
43 
64 
65 
61 
62 
62 
64 
44 
42 
60 
61 
48 
44 
60 
62 
88 
48 
49,61,63 

43,48 
63 


Feet above 
tke 


961 

887 

1,686 

807 

844 

703 

1,248 

975 

1,670 

879 

878 

772 

1,206 

1,976 

774 

1,415 

779 

r.640 

815 

864 

1.679 

808 

1,063 

1.636 

790 

790 

1.830 

751 

764 

767 

1.265 

929 

1.612 

1,789 

781 

810 

773 

1,901 

1.832 

1,060 

1,814 

1,812 

790 

l,iU 

790 

788 

831 

907 

767 

762 
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INDEX  OP  TOWNS  AND  STATIONS— OOD tinned. 


A8SINIBOIA. 


▲iken'a 

Antelope 

Balgonie 

BeUePlAine.. 

Boharm 

Bowell 

BroadTiew... 

Bnrrows 

Caron 

rniaplin 

Colley 

Crauo  Lake . . 

CypreBB 

Danmora  .... 

Ernfold 

Fleming 

Forrea 

Oooae  Lake.. 
GrandConl6e 

Grenfell 

Gall  Lake  ... 

Herbert 

Indian  Head. 

Irvine 

Kincarth 

Lfkngoniiorg  . 
Langevin  .... 

Leven •. 

McLean 


Pace. 


4( 

45 
45 
45 
45 
46 
45 
46 
45 
45 
45 
45 
45 
46.57 
46 
44 
45 
46 
45 
45 
46 
45 
45 
46 
45 
55 
46 
45 
45 


Feet  above 
the 


2,401 
2.556 
2,187 
1,902 
1,792 
2,5g2 
1.060 
1,948 
1,841 
2,202 
2,509 
2,518 
2,637 
2,405 
2,288 
1.794 
2,428 
2,465 
1,857 
1,957 
2.662 
2,811 
1,924 
2,493 
2,531 
1,681 
2,496 
2,467 
2,284 


Mapio  Creek.  < 
Me<liclne  Hat. 
Mooao  Jaw  ... 

Mooaoniin 

Morae 

Mortlach  ..... 

Oaksbela 

Parkbeg 

Paaqoa 

Pense 

Percival 

Pilot  Butte... 
Qn'AppoUe ... 
Red  Jacket ... 

Reglna 

Bush  Lake  . . . 

Seoretan 

Sidewood 

Sintaluto 

Stair 

Saffleld 

Snmmerberry. 
Swift  Carreot 

Waldeo 

Walsh 

Wapella 

Wbitewood... 
Woliieley ..... 
York  ton 


45 
46 

45 
44 
45 
45 
46 
45 
45 
45 
45 
45 
45 
44 
46,57 
45 
45 
45 
45 
46 
46 
45 
45 
45 
46 
45 
46 
45 
56 


Feet  above 
the 


2,495 
2,171 
1,767 
1,884 
2,274 
1,961 
1.962 
1,982 
1,872 
1,881 
2,038 
2,016 
2,134 
1,917 
1,885 
2,301 
2,282 
2,478 
1,984 
2,431 
2,456 
1.938 
2,423 
2,367 
2,430 
1,930 
1,966 
l,96d 
1,633 


ALBRRTA.. 


Anthracite 

Banff 

Bantry 

Battsano 

Calgary 

Canmore 

Cascade 

Cassils 

Castte  MountAin 

Cheadle 

Ciany 

Cochrane 

Crowfoot 

DnthU 

Sldon 

Gap 


46 
46 

46 

m 

46 
46 
46 
47 
40 
47 
46 
46 
46 
46 
46 
47 
46 


4,484 
4,515 
2,471 
2,580 
3,421 
4,278 
4,531 
2,517 
4,653 
8,189 
2,850 
8,743 
2,698 
4,880 
4,804 
4,225 


Gleiohen... 
Kananaskis 

Keith 

Kin  In  vie... 
Laggan.... 

Langdon 

Lathom.... 
Letb  bridge 
Morloy  .... 
Namaka... 
Radnor .... 
Shopard  ... 
Sotttbesk  .. 
Strathmore 
Tilley 


46 

S,962 

46 

4,214 

46 

8,647 

46 

8,429 

47 

6,029 

46 

8,298 

46 

2,659 

67 

2.954 

46 

i.061 

46 

2,971 

46 

8,876 

46 

8,870 

46 

S,601 

46 

8,088 

46 

8,488 
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BRITIBH  COLUMBIA. 


Albert  GuijOB. . .. 

Asbcioft 

Bear  Creek 

BeftTer .^.. 

Chenj  Creek 

Cieco 

ClenwUluun 

Cnigelbbcbie 

DoDftld 

DrjrDeok 

Duek'e 

Held 

Glacier  Hoaee . . .'. 

OeldeB 

Griffin  Lake 

Hammond.. ,.„... 

HarrieoD 

Baetinci 

Hecter ^ 

Hope 

niedllewaet 

Kamloope 

Keefer'a 

LmochoU 

LytUm 

Mimloa 


Page. 


48 

48 
48 
48 

48 
48 

48 
48 
48 
47,48 
48 
48 
47 
48 
47 
48 
48 
48 
48 
47 
48 
48 
48 
48 
47 
48 
48 


Peet  above 
tbe 


52 
2,214 


8,841 
2,114 

1.184 

658 
1,807 
1,288 
2»6«5 

752 

1.150 

4,058 

4,072 

2.570 

1,517 

19 

88 

22 

6,107 

208 
2.710 
1,153 

655 
8,570 

687 
83 


Moberly  Hoiue 

Nioomea 

North  Bend...., 

NotebHlU 

Ottertall 

PalliMr 

Peniiy*B 

Port  Moody .... 

Revelstoke ..... 

RogerePaM.... 

Rosa  Peak...... 

Ruby  Cieek  .... 

Salmon  Arm.... 

SaTona'a 

Sbaawap 

Sioamoua ...... 

SixMUeCi«wk. 

Spataum 

Spenoe'a  Bridge 

Spasaom 

Stephen....*... 

Tappcn , 

TranqniUe 

Twin  Bntte 

Vancouver , 

Wharnook , 

Yale 


Pa«e. 


«7 
48 

48 
48 
47 
47 
48 
48 
48 
48 
48 
48 
48 
48 
48 


48 
48 
48 
47 
48 
48 
48 
48 
48 
48 


Feetabore 
the 


2.687 

28 

487 

1,688 

8,688 

8.276 

1.262 

6 

1.486 

4.182 

8,441 

04 

tiu 

1,168 

1,1&8 

1,161 

8,684 

864 

788 

884 

8^818 

1,148 

1,134 

1,888 

8 
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UBRART  CATALOGUE  SLIPS. 

ITnlted  States.    Department  of  the  interior.    ( U.  8.  geological  narvey). 
Department  of  the  Interior  |  —  |  Bn  lie  tin   |  of  the  |  United 
Statee  |  geological  snryey  |  no.  73  |  [Seal  of  the  department]  | 
Washington  |  government  printing  office  |  1891 

Second  title :  United  States  geological  sarrey  |  J.  W.  Powell,  di- 
rector I  —  I  TbeTifioosity  of  solids  |  by  |  Carl  Bams  |  [Vignette]  | 
Washington  |  government  printing  office  |  1891 
9P.   xii,139p^    6pl« 


7 


(Carl). 

United  States  geological  snnrey  |  J.  W.  Powell,  director  |  —  | 
The  viscosity  of  solids  |  by  |  Carl  Barns  |  [Vignette]  | 

Washington  |  government  printing  office  |  1891 

9P.    xii,ia0pp.    6pL 

(UinTBD  8TATB&     Department  ^f  the  interior.     (U.  A  geologieal  ewvey). 
BolletliiTS.] 


United  States  geological  snrvey  |  J.  W.  Powell,  director  |  —  | 
The  Tisoosity  of  solids  |  by  |  Carl  Barns  |  [Vignette]  | 
Washington  |  government  printing  office  |  1891 

8^.     xii,189pp.    Opl.  '^ 

[UmTBD  Statis.    Department  ^f  the  interior.     {U.  S.  geotogieal  eurvey), 
Baltelln  78.J 


[BvUettn  No.  78.] 


The  pvblleationfl  of  the  United  Btaies  Oeologioal  Survey  are  isaaed  in  Mcordiuioe  with  the  sta^te 
Bpprarred  March  3,  1879,  whioh  declaree  that— 

"  The  publiettttons  of  the  Gkcdogical  SarveyBhal]  conaiat  of  the  annaal  report  of  operationa,  geological 
and  eeonomio  mapa  Ulnatrating  the  reaonrcea  and  clasaifloation  of  the  landa,  and  reporta  apon  general 
and  economic  geology  and  pideontology.  The  annual  report  of  operationa  of  the  Geological  Survey 
•hall  accompany  the  annual  report  of  the  Secretary  of  the  Interior.  All  apecial  memoira  and  reporta 
of  aaid  Sorrey  ahali  be  iaaued  in  uniform  quarto  aeriea  if  deemed  neoea«ary  by  the  Director,  but  other* 
wiae  in  ordinary  octavoa.  Three  thousand  copiea  of  each  ahall  be  pubiiahed  for  acientiflo  exchangea 
and  for  aale  at  the  price  of  publication ;  and  all  literary  and  cartographic  materiala  received  in  exchange 
ahaU  be  the  property  of  the  United  Statea  and  form  a  part  of  the  library  of  the  organisation ;  and  the 
mooey  reaolting  from  the  sale  of  auch  publioatioiia  ahall  be  covered  into  the  Treaaury  of  the  United 
States;." 

On  July  7, 1882,  the  following  Joint  resolution,  referring  to  all  Grovemment  publications,  was  passed 
by  CoDg^reas: 

"  That  whenever  any  document  or  report  shall  be  ordered  printed  by  Congress,  there  shall  be  printed, 
in  additioin  to  the  number  in  each  case  atated,  the  '  uaual  number'  (1,900)  of  copiea  for  binding  and 
dintribotion  among  those  entitled  to  receive  them.*' 

Except  in  those  cases  in  which  an  extra  number  of  any  publication  has  been  supplied  to  the  Survey 
by  special  resolution  of  Congress  oi  has  been  ordered  by  the  Secretary  of  the  Interior,  this  office  has 
no  copiea  for  gratuitous  distribution. 

ANNUAL  RBPOBTS. 

I.  First  Annual  Report  of  the  United  States  Geologi^l  Survey,  by  Clarence  King.  1880.  8P,  79  pp. 
1  map^ — A  preliminary  report  describing  plan  of  organisation  and  publications. 

II.  Second  Annual  Report  of  the  United  Statea  Geological  Survey,  1880-'81,  by  J.  W.  PowelL  1882. 
tP.    Iv,  688  pp.    82  pL    1  map. 

in.  Third  Annual  Report  of  the  United  Statea  Geological  Survey,  1881>*82,  by  J.  W.  Powell.  1883. 
8^,    xviii,  564  pp.    67  pi.  and  mapa. 

IV.  Fourth  Annual  Report  of  the  United  States  Geological  Survey,  188^*83,  by  J.  W.  PowolL  1864. 
8^.    xxxii,  473  pp.    85  pL  and  mapa. 

V.  Fifth  Annual  Report  of  the  United  States  Geological  Survey,  188.V84,  by  J.W.Powell.  1885. 
8^.    xxxvi,  469  pp.    68  pL  and  maps. 

TI.  Sixth  Annual  Report  of  the  United  Stot<)S  Geological  Survey,  1884-'85,  by  J.  W.  Powell.  1885. 
9P.    xxiz,  570  pp.    66  pi.  and  maps. 

VII.  Seventh  Annual  Report  of  the  United  States  Geological  Survey,  188&-'86,  by  J.  W.  Powell.  1888. 
8^.    XX,  656  pp.    71  pi.  and  mapa. 

Vm.  Eighth  Annual  Report  of  the  United  Statea  Geological  Survey,  1886-'87.  by  J.  W.  Powell.  1689. 
8^.    2v.    xix,  474,  xii  pp.    68  pL  and  mapa ;  1  p.  1.  471^1063  pp.    54-76  pi.  and  mapa. 

IX.  Ninth  Annual  Report  of  the  United  SUtea  Geological  Survey,  1887-'88.  by  J.  W.  Powell.  1889. 
8o.    xtiit  717  pp.    88  pi.  and  maps. 

X.  Tenth  Annual  Report  of  the  United  States  G^eological  Survey,  1888-'89,  by  J.  W.  Powell.  1890. 
9P.    2  ▼.    XV,  774  pp.    98  pL  and  maps ;  viii,  128  pp. 

The  Elerenth  Annual  Report  la  in  press. 

MONOGRAPHS. 

« 

I.  Lake  BonneviUe,  by  Grove  Karl  Gilbert    1890.    4o.    xx,  438  pp.    51  pi.    1  map.    Price  $1.50. 

IL  Tertiary  History  of  the  Grand  Cafion  District,  with  atlas,  by  Clarence  E.  Dutton.  Capt.  U.  S.  A. 
1882.    A^*.     xlv,  264  pp.    42  pi.  and  atlas  of  24  sheets  folio.    Price  $10.00. 

HL  Geology  of  the  Comstook  Lode  and  the  Washoe  District,  with  atlas  by  George  F.  Becker.  1882. 
#o.    XT.  422  pp.    7  pL  and  atlaa  of  21  sheets  folio.    Prioe  $11.00. 

IT.  Cfl«Mto«klCiBlagaD4Min«ra.hy]BUotLoid.    1808.    ^.    xiT,451vp.   Bp\.   Ptloa^Y.^. 


n  ADVERTISEMENT. 

y.  The  CoppeT^Bearing  Rooks  of  Lake  Saperior.  by  BoUnd  Daer  Irying.  1883.  4P,  zri,  464  pp. 
16  L    29  pi.  aod  maps.    Price  $1.8£. 

YT.  Contribations  to  the  Knowledge  of  the  Older  Mesozoio  Flora  of  Virginia,  by  William  Morris 
Fontaine.    1883.    4o.    xi,  144  pp.    54  L    64  pL    Price  $L05. 

VIL  Silver.Lead  Deposits  of  Boreka,  ITevada^  by  Joseph  Story  Curtis.  1884.  49.  ziil,  200  pp.  16 
pL    Price  $1.20. 

Vm.  Paleontology  of  the  Eureka  District,  by  Charles  Doolittie  Waloott  1884.  4o.  ziil,  298  pp. 
24  L    24  pi.    Price  $1.10. 

IX.  Braohiopodaand  LamelUbranchiata  of  the  Saritan  Clays  and  Oreensand  Marls  of  New  Jersey, 
by  Bobert  P.  Whitfield.    1886.    4P.    zx,  338  pp.    35  pL    1  map.    Price  $1.15. 

X.  Dinocerata.  A  Monograph  of  an  Extinct  Order  of  Oigantio  Mammals,  by  Othniel  Charles  Marsh. 
1886.    40.    ZTiii,243pp.    66  L    66  pL    Price  $2.70. 

XL  Geological  HiHtory  of  Lake  Lahontan,  a  Qoatemary  Lake  of  Northwestern  Neradai  by  Israel 
Cook  RasHell.    188&    40.   xiv,288pp.    46  pL  and  maps.    Price  $1.7& 

XIL  Geology  and  Mining  Indnstry  of  Leadville^  Colorado,  with  atlas,  by  Samnd  Fkmnklin  Emmons. 
1886.    40.    xxiz,  770  pp.    45  pL  and  aUas  of  85  sheeto  folio.    Price  $8.40. 

XUL  Geology  of  the  QnicksilTer  Deposits  of  the  Pacific  Stope,  with  atlas,  by  C^rge  F.  Becker. 
188&    40.    xix,  486  pp.    7  pL  and  atlas  of  14  sheets  folio.    Price  $2.00. 

XIV.  Fossil  Fishes  and  Fossil  Plants  of  the  Triassic  Bocks  of  New  Jersey  and  the  Connecticut  Val- 
ley, by  John  S.  Nbwberry.    1888.    40.^  xiT,  152  pp.    26  pL    Price  $1.00. 

XY.  The  Potomac  or  Younger  Mesozoio  Flora,  by  William  Morris  Fontaine^  1889.  49.  xiv,  877 
pp.    180  pL    Text  and  plates  bound  separately.    Price  $2.50. 

XYI.  The  Paleosoic  Fishes  of  North  America,  by  John  Strong  Newberry.  1889.  4P,  340  pp.  53  pL 
Price  $1.00. 

In  preparation : 

XYI  I.  The  Flora  of  tho  Dakota  Group,  a  posthumous  work,  by  Leo  Lesqnerenx.  Edited  by  F.  H. 
Knowlton. 

—  Gasteropoda  of  the  New  Jersey  Creiaceoas  and  Eocene  Marls,  by  B.  P.  Whitfield. 

—  The  Penokee  Iron-Bearing  Series  of  Northern  Wisconsin  and  Michigan,  byBoland  D.Irring  and 
C.  B.  Yan  Hise. 

—  Mollusca  and  Crustacea  of  the  Miocene  Formations  of  New  Jersey,  by  B.  P.  Whitfield. 

—  Geology  of  the  Eai-eka  Mining  District^  Nevada,  with  atlas,  by  Arnold  Hague. 

—  Sanropoda,  by  O.  C.  Marsh. 

—  Stegosauria,  by  O.  C.  Marsh. 

—  Bron(othorid»,  by  O.  C.Marsh. 

—  Beport  on  the  Den^  or  Coal  Basin,  by  S.  F.  Emmons. 

'  Beport  on  Silver  Cliflf  and  Ten-Mile  Mining  Districts,  Colorado,  byS.  F.  Emmona. 

—  Flora  of  the  Dakota  Group,  by  J.  S.  Newberry. 

—  The  Glacial  Lake  Agassis,  by  Warren  Upham. 

BULLETINS. 

1.  On  Hjpersthene-Andesite  andpn  Triclinic  Pyroxene  in  Angitic  Books,  by  Whitman  Cross,  with  a 
OeologicalSketchof  Bnfiklo Peaks,  Colorado, by S. F.Emmons.    1883.    9P.  42pp.  2pL  Price  10  cents. 

2.  Gold  and  Silver  Con  version  Tables,  giving  the  coining  values  of  troy  ounoesof  fine  metal,  eto.,  com- 
puted by  Albert  Williams,  jr.    1883.    90.    8  pp.    Price  5  cents. 

3.  On  the  Fossil  Faunas  of  the  Upper  Devonian,  along  the  meridian  of  76^  80',  from  Tompkins  County, 
New  York,  to  Bradford  County,  Pennsylvania,  by  Henry  S.  Williams.    1884.  8^.  36  pp.  Price  5  cents. 

4.  On  Mesozoio  Fossils,  by  Charles  A.  White.    1884.    8".    36  pp.    9  pi.    Price  6  cents. 

6.  A  Dictionary  of  Altitades  in  the  United  States,  compiled  by  Henry  Gannett.  1884.  9>.  325  pp. 
Price  20  cents. 

6.  Elevations  in  the  Dominion  of  Canada,  by  J.  W.  Spencer.    1884.    8^.    43  pp.    Price  5  oent«. 

7.  Mapoteca  Geologica  Americana.  A  Catalogue  of  Geological  Maps  of  America  (North  and  South), 
1752-1881,  in  geographic  and  chronologic  order,  by  Jnles  Marcou  and  John  Belknap  Maroon.  1884. 
S°.    184  pp.    Price  10  cents. 

8.  On  Secondary  Bnlargeroenta  of  Mineral  Fragmenta  in  Certain  Booka,  by  B.  D.  Irving  and  C.  B. 
Yan  Hise.    1884.    SP,    56  pp.    6  pi.    Price  10  cents. 

9.  A  report  of  work  done  in  the  Washington  Laboratory  d  uring  the  fiscal  year  1883~'81  F.  W.  Clarke, 
chief  chemist    T.  M.  Cfaatard,  assistant  chemist    1884.    BP,    40  pp.    Price  5  cents. 

10.  On  the  Cambrian  Faunas  of  North  America.  Preliminary  studies,  by  Charles  Doollttle  Walcott 
1884.    89,    74  pp.    10  pi.    Price  5  cents. 

11.  On  the  Quaternary  and  Becent  Mollusca  of  the  Great  Basin ;  with  Descriptions  of  New  Forms,  by 
B.  Ellswoi-th  Call.  Introduced  by  a  sketch  of  the  Quaternary  Lakes  of  the  Great  Basin,  by  G.  K. 
Gilbert    1884.  8°.  66  pp.  6  pi.  Price  5  cents. 

12.  A  Crystallographic  Study  of  Uie  Thinolite  of  Lake  Lahontan,  by  Edward  8.  Dv^  188^.  ^P. 
34  pp.  8pL  Price  6  cents. 


ADVERTISEMENT.  Ill 

13.  BonndaTiM  of  the  Unitod  States  and  of  the  neveral  States  and  Territories,  with  a  Historical 
Sketch  of  the  Territorial  Changes,  by  Henry  Gannett.    1885.    8^.    135  pp.    Price  10  cents. 

14.  The  Electrical  and  Magnetic  Properties  of  the  Iron-Oarboreta,  by  Carl  Barns  and  Vincent 
Strouhal.    1885.    99.    238  pp.    Price  15  oonto. 

15.  On  the  Mesozoic  and  Cenozoio  Paleontology  of  California,  by  Charles  A.  White.  1885.  8^. 
S3  pp.    Price5centa.     ^  « 

16.  On  the  Higher  Devonian  Faanas  of  Ontario  Connty,  New  York,  by  John  M.  Clarke.  1885.  8^. 
86  pp.    3  pL    Price  5  cents. 

17.  On  the  DoTclopinout  of  Crystallization  in  the  Igneoos  Rocks  of  Washoe,  Nevada,  with  Notes  on 
the  Geology  of  the  District,  by  Arnold  Hagne  and  Joseph  P.  Iddings.  1885.  8^.  44  pp.  Price  5 
ecBts. 

18.  On  llaiine  Eocene,  Preeh-irater  Miocene,  and  other  Fossil  Mollnsca  of  Western  North  America, 
l.y  Charles  A.  White.    1885.    SP.    26  pp.    3  pL    Price  5  cents. 

19.  Notes  on  the  Stratigraphy  of  California,  by  George  F.  Becker.    1885.    8o.    28  pp.    Price  5  cents. 
M.  Contributions  to  the  Mineralogy  ot  the  Rocky  Mountains,  by  Whitman  Cross  and  W.  F.  Hille* 

brand.    1885.    99.    114  pp.    1  pi.    Price  10  cents. 

21.  The  Lignites  of  the  Great  Sioux  Reservation.  A  Report  on  the  Region  between  theGrand  and  Mo- 
nau  Rivers,  Dakota,  by  Bailey  Willis.    1885.    99.    16  pp.    5  pi.    Price  5  cents. 

22.  On  New  Cretaceous  Fossils  firom  California,  by  Charles  A.  White.  1885.  89.  25  pp.  5  pi.  Price 
fteeota. 

23.  Observations  on  the  Junction  between  the  Eastern  Sandstone  and  the  Keweenaw  Series  on 
Keweenaw  Point,  Lake  Superior,  by  R.  D.  Irving  and  T.  C.  Chamberlin.  1885.  99,  124  pp.  17  pi. 
Priee  15  cents. 

24.  List  of  Marine  MoUu.v^a,  comprising  the  Quaternary  Fossils  and  recent  forms  from  American 
Loealities  between  Cape  Hatteras  and  Cape  Roque,  including  the  Bermudas,  by  William  Healey  DalL 
1S8S.    99.    336  pp.    Price  25  cents. 

25.  The  Prejsent  Technical  Condition  of  the  Steel  Industry  of  the  United  States,  by  Phineas  Barnes. 
1885.    99.   85  pp.    Priee  10  cents. 

ML  Copper  Smelting,  by  Henry  M.  Howe.    1885.   99.    107  pp.     Price  10  cents. 

27.  Report  of  work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  fiscal  year 
l884-'85.    1888.    99.    80  pp.    Price  10  cents. 

28  The  Gabbros  and  Associated  Hornblende  Rocks  occurring  in  the  Neighborhood  of  Baltimore,  Md., 
by  George  Hnntington  Williams.    1886.    99.    78  pp.    4  pi.    Price  10  cents. 

29.  On  the  FiTsb- water  Invertebrates  of  the  North  American  Jurassic,  by  Charles  A.  White.  1886. 
9=>.    41  pp.    4  pi.    Price  5  cents. 

30.  Second  Contribution  to  the  Studies  on  the  Cambrian  Faunas  of  North  America,  by  Charles  Doo- 
little  Waloott.    188G.    99.    369  pp.    33  pi.    Price  25  cents. 

3i.  Systematic  Review  of  our  Present  Knowledge  of  Fossil  Insects,  including  Myriapodsand  Arach- 
aida,  by  Samuel  Hubbard  Scudder.    1886.    99.    128  pp.    Price  15  cents. 
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PREFACE. 


This  bolletin  is  a  second  coDtributioii  to  the  general  investigation  of 
the  physical  contents  of  rocks,  the  experiments  concerning  which  fol- 
low a  general  plan  devised  by  Mr.  Clarence  King. 

Questions  bearing  directly  on  the  viscosity  of  rock  masses  make  np 
so  large  a  part  of  Mr.  King's  geological  observations,  that  the  duty  of 
inquiring  into  the  physics  of  this  enormously  complicated  subject  de- 
volved seriously  upon  me.  Above  all  things  some  form  of  reliable 
working  hypothesis  was  to  be  discovered ;  and  this  is  what  the  pres- 
ent bulletin  endeavors  to  accomplish.  I  believe  the  physical  hypoth- 
esis has  been  found  and  that  the  data  afford  substantial  corrobora- 
tion of  Maxwell's  theory  of  the  viscosity  of  solids. 

The  method  by  which  I  attempt  to  arrive  at  the  result  in  question 
consists  in  investigating  the  details  of  viscous  behavior  of  steel.  Steel 
has  a  phenomenal  quality,  in  tliat  it  can  be  made  to  pass  continuously 
from  an  extreme  of  brittle  hardness  almost  to  soft  plasticity.  Hence 
its  value  in  serving  as  a  test  of  any  theory. 

Curiously  enough,  viscous  deformation  (Nachwirkung)  is  strikingly 
pronounced  at  the  hard  and  brittle  end  of  the  scale,  whereas  soft  steel 
is  relatively  rigid.  These  facts  are  established  in  Chapter  I,  of  which 
they  form  the  larger  part.  To  interpret  the  striking  results  of  Chaptt»r 
I  it  is  necessary  to  consider  them  from  a  more  general  point  of  view. 
Consequently  Chapter  II  investigates  them  further  with  regard  to  their 
general  truth  under  variable  conditions  of  temperature  and  of  stress. 
But  the  full  interpretation  is  not  attempted  until  Chapter  III,  where, 
together  with  other  relevant  matter,  they  are  shown  to  bear  directly 
on  the  fundamental  hypotheses  of  Maxwell's  theory  of  the  viscosity  of 
solids. 

Chapter  lY  applies  a  magnetic  method  to  the  study  of  the  behavior 
of  a  strained  atomic  configuration,  and  is  thus  an  important  deduction 
from  Chapter  III. 

Chapter  Y  finally  exhibits  the  solidity  of  the  three  states  of  aggrega- 
tion. The  results  show  an  astounding  range  of  variation,  inasmuch  as 
viscosity  on  passing  from  extreme  fluid  to  extreme  solid  changes  from 
at  most  10-^  to  at  least  1(F. 

By  ^selecting  steel  as  the  chief  source  of  evidence  I  gain  a  8ec,o\ivV\\£L- 
portant  advantage.    The  researches  of  Dr.  StrouYiaV  and  m^ w\l  \vdi^^ 
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tbrown  new  light  on  a  namber  of  the  physical  qaalities  of  steel,  some 
of  which  are  closely  allied  to  the  subject  in  hand.  Thus  there  exists  a 
reciprocal  relation  between  the  earlier  bulletins  of  the  Geological  Sur- 
vey, No.  14,  No.  27  (pp.  30l^),  No.  35,  and  No.  42  (pp.  98-131),  and  the 
present  bulletin,  by  which  clearness  of  conception  regarding  the  physics 
of  the  iron-carburets  is  promoted. 

The  notation  has  been  made  uniform  throughout  the  work,  and  tbe 
data  reduced  to  the  same  standard.  This  occasioned  much  extra  labor, 
since  it  involved  a  new  computation  of  the  chief  results  of  Chapters  II 
and  III.  However,  seeing  that  the  unity  of  the  book  could  be  much 
enhanced  thereby,  the  time  was  not  grudgingly  spent. 

Meantime  the  researches  on  solid  viscosity  have  been  considerably 
extended.  I  have  now  nearly  ready  for  the  press  a  sequeP  to  this  vol- 
ume, in  which  the  moUeular  changes  which  promote  viscous  motion 
are  specially  discussed.  The  results  enable  me  to  submit  a  general 
theory  of  solid  molecular  structure,  and  they  therefore  fitly  make  up  a 
second  part  of  the  continued  series  of  researcUes  of  which  this  bul- 
letin constitutes  the  first  part. 

I  may  add  in  concluding,  that  the  researches  on  steel  were  begun  by 
Dr.  Strouhal  and  myself  and  continued  to  such  a  stage  of  progress  as 
made  it  advisable  for  us  to  publish  subsequent  investigations  together. 
But  the  serious  delays  incident  to  epistolary  communication  at  best, 
and  the  great  distance  between  us  (Prague- Washington),  has  dictated, 
very  much  to  our  regret,  a  dissolution  of  literary  partnership.  The 
science  of  to-day  is  more  and  more  exactingly  a  science  of  specialized 
responsibilities,  and  the  connection  between  a  statement  and  its  author 

can  not  be  too  direct  or  too  obvious. 

Oabl  Babus. 
Labobatobt  U.  S.  Geologioal  Subyet, 

Washingtony  D.  0.,  March  15, 1890. 

>  Of.    Annual  Beport  of  the  Director  for  the  fiscal  year  1888-*8B. 
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CHAPTER    I. 
By  Carl  Barus  and  Yincknt  Strouhal. 


THE  VISCOSITY  OP  STEEL  AND  ITS  RELATIONS  TO  TEMPER. 

INTBODUOTION. 

1.  Iq  Balletin  No.  42,  U.  8.  Geol.  Survey,  p.  131,  we  expressed  the 
belief  that  the  qaaiities  of  retaiDtng  maji^Tietism  exhibited  by  steel  wonld 
probably  stand  in  relation  to  the  viscous  properties  of  the  metal.  In 
the  present  chapter  we  make  a  first  search  for  such  a  relation.  The 
work  is  restricted  to  torsional  viscosity  because  it  usually  exists  in 
larger  amount,  and  is  mnch  more  accurately  measurable  than  any  of 
the  other  manifestations  of  viscosity.  Possibly  it  may  be  brought  more 
rationally  into  comparison  with  magnetic  phenomena.  We  therefore 
develop  partially  (i.  e.  so  far  as  is  necessary  for  our  especial  purposes)  a 
very  sensitive  differential  method  for  the  study  of  torsional  viscosity.^ 
Having  applied  it  to  steel,  we  compare  the  results  obtained  with  the 
known  behavior  of  permanent  linear  magnets,  tempered  under  like  con- 
ditions. During  the  course  of  the  experiments  we  incidentally  come 
iijM>n  certain  ulterior  results  (viscosity  of  iron,  glass). 

In  our  magnetic  comparisons  we  have  endeavored  to  avoid  prema- 
turity. Many  inferences  of  the  original  draught  have  been  cropped. 
We  do  not  wish  to  ignore  the  magnetic  effect  of  the  chemical  changes 
of  steel.  We  have  merely  endeavored  to  circumscribe  the  magnetic 
effect  of  carburation,  by  exploring  the  magnetic  importance  of  certain 
mechanical  properties  of  steel.  To  do  this  we  have  studied,  abstractly 
as  it  were,  the  occurence  of  permanent  magnetism  in  a  medium  of  con- 
tinuously varying  viscosity,  without  insisting  on  an  inherent  relation 
between  retentiveness  and  viscosity. 


'  Independeotly  of  onraelTea,  as  we  aQbseqoently  foand,  »  iliDilar  method  wm  used  by  Boltomanii 
•ad  by  O.  E.  Meyer  (Pogg.  Ann.,  toL  154,  1875,  p.  357). 
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UTERARY  NOTES, 

2.  The  necessary  existence  of  viscosity  iu  solids  was  pointed  out,  dis- 
covered, audits  nature  described  by  Weber;*  but  it  is  to  Kohlrauscli's^ 
extensive  researches  that  we  owe  the  bulk  of  our  present  knowledge. 
A  new  method  of  research  was  indicated  by  Sir  William  Thomson,^ 
which  method  was  developed,  independent  of  Thomson  we  believe,  by 
Streintz*  and  by  Schmidt.*  Thomson*  concisely  defined  the  terms  now 
in  English  use  and  followed  by  Maxwell  (Heat,  Chapter  II). 

PLAN  OF  RESEARCH. 

3.  We  proposed  at  first  to  study  the  viscosity  of  steel  from  two  distinct 
standpoints:  one  part  of  our  work  was  to  consider  viscosity  in  its  rela- 
tions to  temperature;  the  other  part,  viscosity  iu  its  relations  to  hard- 
ness.  Indeed,  we  have  as  yet  no  data  at  all  of  this  kind  for  steel.  For 
other  substances  Kohlrausch^  and  after  him  Streintz^  aud-Pisati'  had 
already  studied  viscosity  and  temperature  with  some  detail  though  in 
a  direction  differing  somewhat  from  our  own.  Very  recently,  however, 
Schroeder'^  has  expenmented  in  a  line  of  research  quite  identical  with 
the  one  upon  which  we  had  determined ;  and  though  his  data  do  not 
include  steel,  the  results  obtained  fpr  other  metals  are  sufQciently  pro- 
nounced  to  make  a  special  investigation  of  steel  appear  superfluous^ 
at  least  so  far  as  regards  its  present  bearing  on  our  work.  Schroeder^' 
finds  "Der  bei  100^  begonnene  Verlauf  der  Nachwirkung  wird  durch 
Abktihlung  des  Drahtes  auf  Zimmertemperatur  unterbrochen;  nach 


>  Wober:  Gottinf;.  Oelehrt.  Anz.,  St  8,  1835;  Pogg.  Ann.,  xol.  24,  1835,  p.  247;  ibid.,  vol.  51,  1841, 
p.  1 ;  Comm.  Soo.  GSttin;;.,  toI.  3,  1841,  p.  45.  Weber's  researoheB  express  the  amoimt  of  visootis  de- 
formation in  terms  of  time  bj  a  hyperbolic  formula  with  three  constants. 

>  Eohlransch :  Togg.  Ann.,  vol.  110. 1863,  p.  337 ;  ibid.,  vol.  128, 1886,  pp.  207,  399 ;  ibid.,  vol.  166,  1875, 
p.  579 ;  ibid.,  vol.  158,  1876,  p.  337.  The  author  sabjected  fibers  of  a  great  nnmber  of  substances  to 
torsional,  tensile  and  flexural  stress,  and  he  discusses  the  amount  of  deformation  in  esch  case  in  its 
dependence  on  time  and  on  temporatnre.  The  results  are  too  elaborate  to  be  excerpted  here.  The 
anther  finds  it  necessary  to  nse  exponential  relations  with  three  and  even  foor  constants  to  describe 
the  results  completely.  In  this  place  we  advert,  moreover,  to  the  papers  of  Neesen  (Pogg.  Ann.,  vol. 
153,  1874,  p.  408;  ibid.,  vol.  157,  1876.  p.  570;  Wicd.  Ann!,  vol.  7,  1879.  p.  460),  of  Braun  (Pogg.  Ann., 
vol.  110,  1876,  p.  337),  of  Wiedemann  (Wied.  Ann.,  vol.  6, 1879,  p.  496)  which  supply  details  of  critical 
discussion.  Perhaps  we  may  even  add  Pemet's  well  known  thermometric  researches  (Carl's  Reperio- 
rinm,  vol.  11,  1875,  p.  257,  and  elsewhere). 

"  Sir  William  Thomson:  Phil.  Mag.  (IV),  vol.  30,  1865.  p.  63.  Thomson  refers  the  lo.^s  of  energy  of 
of  vibrstion  to  the  existence  of  molecular  friction. 

^Streintz:  Pogg.  Ann.,  vol.  153,  1874,  p.  387;  Wien.  Ber.,  vol.  69.  part  2d,  1874,  p.  365.  Using  a 
vibration  metbod  the  author  discusses  elaborately  the  effect  of  viscosity  on  the  logarithmic  decrement. 

*  Schmidt:  Wicd.  Ann.,  vol.2,  1877,  pp.  48, 241,  supplements  Thomson's  and  Streintz's  results,  and  is 
able  to  express  logarithmic  d<»crement  in  terms  of  time  by  Weber's  formula  of  three  constants.  We 
may  add  Cohn  (Wicd.  Ann.,  vol.  6, 1879,  p.  403),  Hopkiuson  (Phil.  Trans.,  1877),  Warburg  (Wied.  Ann., 
vol.  13, 1881,  p.  141),  Auerbach  (Wied.  Ann.,  vol.  14, 1881,  p.  308),  Kohlransch  (Pogg.  Ann,  vol.  128, 1886), 
Ewing  (Phil.  Trans.,  1885,  p.  545)  and  others  who  discuss  viscosity  as  manifesting  itself  in  phenomena 
of  condactiviiy  (Cohn),  residual  static  charge  (Hopkinson,  Kohlraosch),  magnetism  (Auerbach,  War- 
burg, Ewlng  and  others). 

*  Thomson  :  loi*.  cit. 

'Kohlransch  :  Pccrg.  Ann.,  vol.  128,  1866,  p.  216;  ibid.,  vol.  158,  1876,  p.  371. 

•  Streintz :  Wicn.  Ber..  vol.  69,  1874.  p.  337 ;  also  Schmidt,  loc.  cit. 

•  Pisati:  Wien.  Ber.,  vol.  80,  1870,  p.  427.    Also  Gaz.  Chim,  Ital.,  1876, 1377, 
■^Schroeder:  Wied.  Ann.,  vol.  ^8, 1876,  p.  369, 

"Schtveder:  Ibi^.,  p.  389. 
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erneater  Erwarnmng  auf  100°  wircl  die  vorber  unterbrochene  Dre* 
bung  fortgesetzt."  We  pointed  oat'  tbat  in  case  of  drawn  metals,  of 
qucncbcd  glass  (Knpert's  drops)  and  we  inferred  also  in  case  of  teni- 
jicreil  steel,  energy  has  been  stored  up  in  virtue  of  the  ri<^idity  of  the 
material;  and  tbat  on  exi)osure  to  temperature  (annealing),  the  avail- 
able excess  of  stress  is  made  to  pro- 
duce the  observed  viscous  deforma- 
tion precisely  in  the  way  in  which 
Schroeder  has  found  it  for  applied 
torsional  stress.  Nevertheless,  the 
behavior  of  steel,  when  considered 
in  all  its  details,  is  much  more  com- 
plicated and  is,  indeed,  quite  unique, 
as  will  be  indicated  in  the  course  of 
this  chapter. 


METHOD  OF  EXPERIMENT. 
APPARATUS. 

For  the  reasons  given  the  scope  of 
this  chapter  has  been  limited  to  a 
study  of  the  viscosity  of  steel,  in  its 
relations  to  temper.  We  endeavor 
therefore  to  determine  the  differ- 
ence of  viscosity  which  coi responds 
to  a  given  known  difference  of  hard- 
ness. The  following  differential 
method  of  measurement,  the  princi- 
ple of  which  can  be  made  clear  in  a 
few  words,  naturally  suggests  itself: 

Bifilar  apparatus. — Given  a  pair  of 
steel  wires,  one  of  which  is  always 
glass-hard,  the  other  of  known  tem- 
per; let  them  be  made  the  threads  of 
a  bifilar  sttspension  provided  with 
suitable  means  for  the  measurement 
of  the  angular  motion  of  the  line  de- 
fined by  the  lower  double  point  of 
attachment,  relative  to  the  upper  line 
of  attachment;,  finally  let  a  twist 
of  -f  T  be  imparted  to  one  steel  wire, 
a  twist  of  —  T  to  the  other.  If  now 
the  system  be  left  to  itself,  and  if 
the  two  wires  be  equally  viscous  the 
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bifilac  system  caeteris  paribus  will  remain  at  rest.  If  on  the  other  hand 
the  viscosities  be  unequal,  the  lower  free  part  of  the  bifilar  will  move 
around  the  vertical  let  fall  from  the  upper  part.  The  sign  of  this  angular 
motion  will  be  that  of  the  twist  of  the  wire  of  greater  viscosity;  its 
amount  csBteris  paribus  directly  depeudeut  on  the  difference  of  viscosity 
of  the  pair  of  wires  under  experiment.  One  of  the  forms  of  apparatus 
actually  used  is  given  in  the  annexed  diagrams,  Figs.  I  to  3,  the  former 
on  a  scale  of  ^.  The  couple  of  steel  wires  awwg  and  axxg  to  be  testeiK 
are  fastened  above  to  a  massive  piece  of  brass  ABC  and  below  to  a  simi- 
lar piece  DEOF.  ABC  is  fixed  firmly  to  the  wall  at  some  distance  from 
it,  and  all  incidental  motion  or  displacement  is  Registered  by  the  mirror 
My  adjustable  Jit  pleasure  by  aid  of  the  screw-arms /ed^  and  be.  DEOF  is 
free  to  move  under  the  influence  of  the  bifilar  couples  and  motion  is 
similarly  registeretl  by  the  mirror  H  adjustable  at  pleasure  by  aid  of 
the  screw  arms  mlk  and  h.  To  keep  the  line  of  symmetry  of  the  piece 
DEOF  vertical,  to  deaden  incidental  vibrations,  and  to  give  general 
stability  to  the  whole  bifilar  adjustment,  we  suspended  a  heavy  lead 
•disk  HQ  (5  lbs.)  from  the  screw  r.  HQ  is  partially  immersed  in  water 
contained  in  a  glass  belljar  ILK  also  (adjustably)  attached  to  the 
wall. 

The  steel  wires  are  inserted  and  then  fastened  in  the  apparatus  as 
follows:  To  keep  the  two  steel  wires  (about  S*^*''"  long)  under  a  perma- 
nent strain  of  torsion,  each  is  softened  about  2*"*  from  the  ends  inward. 
The  soft  parts  are  then  bent  into  a  hook-like  loop  just  large  enough  to 
slide  over  the  screws  of  the  little  brass  bolts  a  and  g.  Having  fastened 
the  lower  ends  by  the  bolt  (/,  the  upper  ends  are  each  twisted  ISCP  against 
each  other  and  then  also  fastened  by  the  bolt  a. 

The  ends  of  this  twisted  system  are  now  to  be  secured  to  the  blocks 
of  brass  ABC  and  DEOF.  One  method  of  fastening  is  given  (J  actual 
size)  in  Fig.  2,  the  parts  of  which  are  lettered  similarly  to  Fig.  1.    The 

two  wires,  w  and  a?,  are  pressed  firmly 
against  a  little  rectangular  piece  of 
steel  0,  by  aid  of  the  bolt  pp'  and  the 
nut  qq'.  The  bolt  is  provided  with  a 
square  hole  near  its  head,  through 
which  o  and  the  steel  wires  may  easily 
be  passed.  A  little  pin  prevents  o  from 
rotating  around  the  axis  of  the  screw, 
thus  diminishing  liability  to  breakage.  In  the  apparatus  figured  it  is 
necessary  to  slide  the  bolts  pp'  over  the  wires  tr,  a?,  before  the  torsion 
is  applied  by  fastening  a. 

In  Fig.  3  the  same  apparatus  is  given  in  side  elevation  (sectional), 
and  as  the  same  lettering  is  here  used  as  in  Figs.  1,  2,  this  diagram  is 
at  once  intelligible.    It  indicates  in  a  clearer  way  the  method  of  iusert- 


Fio.  2.— Devico  for  suspension ;  scale,  (. 
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TUBULAR  APPARATUS. 


ing  aud  fasteuiug  the  twisted  systems  tcxj  wx,  with  reference  to  which 

Wires  the  experiments  are  made. 

In  a  more  convenient  form  of  ap- 
paratus, perhaps,  we  replace  the  brass 
blocks  ABC  and  I)EOF  by  little 
iiand  vises,  the  axle  of  the  lower  one 
of  which  has  been  perforated  and 
fitted  with  a  screw  subserving  the 
purposes  of  r  in  the  figure.  By  aid 
of  a  disc  of  lead  vertical  symmetry 
of  the  whole  apparatus  is  here  also 
maintained. 

The  advantage  of  this  form  of  ap- 
paratus, apart  from  our  own  special 
purposes,  is  that  with  a  single  ad- 
justment, the  viscous  movement  can 
be  traced  with  extreme  accuracy  for 
an  indefinite  length  of  time.  There 
is  no  doubt  that  in  some  of  the  cases 
examined  such  motion  will  demon- 
strably exist  even  for  a  year  after 
the  torsion  has  been  imparted. 
Kohlrausch's  method  is  an  absolute 
method ;  but  his  wire  must  be 
twisted  and  untwisted  once  for  each 
observation.  The  method  of  loga- 
rithmic decrement  is  difiicult  of  in- 
terpretation, and  is  really  a  complex 
method  and  limited  to  short  inter- 
vals of  time. 

In  experimenting  with  glass  it 
was  necessary  to  modify  the  appa- 
ratus so  th<at  twists  less  than  T=18(P 
could  be  applied.  This  is  easily 
done  by  pei'forating  the  screw  of  the 
upper  bolt  and  passing  the  glass 
fiber  through  the  hole.  Torsion  in 
any  amount  may  then  be  applied  to 
the  projecting  fiber. 

5.  Tubular  apparatus. — Our  second 
(tubular)  apparatus  combines  with 
the  advantages  of  the  one  just  sketched,  the  ulterior  desideratum  of 
enabling  the  observer  to  follow  the  viscous  detorsion  immediately  after 
applying  stress;  and  therefore  also  the  advantage  of  exhibiting  the 


Fiu.  3.— Side  elDvation  of  the  apparatua 
Hhownin  Fig.  1. 
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effect  of  positive  torsion  immediately  succeeding  negative  torsion  and 
vice  versa;  or  of  studying  the  effect  produced  by  an  indefinite  number 

of  alternations  of  the  sign  of  the' twist.  In  the  second 
form  of  apparatus  the  wire  is  introduced  into  a  narrow 
tube  just  large  enough  to  surround  it.  The  tube  is 
fixed  above  and  fastened  to  the  wire  below.  Twist  is 
imparted  to  the  wire  and  through  it  to  the  tube.  The 
observations,  in  other  respe<*.ts,  are  conducted  as 
above. 

Figure  4  is  a  sectional  elevation  of  the  tubular  ap- 
paratus. Here  J^  is  a  massive  cyli  uder  of  brass,  iu  the 
lower  socket  of  which  the  reduced  end  of  the  cylinder 
B  fits  snugly,  so  as  to  be  free  to  rotate  around  the 
vertical,  unless  fastened  by  the  steel  pin  F.  E  and 
B  are  axially  perforated,  and  B  carries  the  tube  Mtt^ 
which  in  its  turn  carries  the  lower  massive  cylinder  of 
brass  A.  The  steel  wire  to  be  tested,  o^,  is  inserted 
through  the  perforations  in  E^  B,  A,  and  securely 
fastened  against  rotation  by  the  lateral  screws  CDnud 
C'jy.  N  is  the  movable  mirror,  adjustably  fastened 
to  the  lower  bob  A  ;  M  is  the  fixed  mirror  (fiducial 
mark)  adjustably  fastened  io  B, 

The  cylinder  ^  ia  stationary,  being  secured  by  a 
clamp  not  shown  in  the  figure.  Twist  is  imparted  to 
the  system  of  tube  tttt  and  wire  ag^  by  withdrawing  the 
pin  F^  rotating  J^,  and  then  again  inserting  the  pin. 

6.  Unifilar  apparatus, — A  third  form  of  apparatus  in  which  the  wires 
are  countertwisted  unifilarly  is  described  iu  Chapter  II. 

METHOD  OF  OBSEKVINO. 

7.  In  both  forms  of  apparatus,  angles  are  registered  by  Gauss'  method 
of  telescope*  and  scale.  We  secure  extreme  accuracy  b^-  using  two  rair- 
rorSy  one  of  which  (stationary)  furnishes  a  reliable  fiducial  mark  for  the 
other  (movable).  These  mirrors  are  easily  so  adjusted  that  their  re- 
spective scale-images  appear  simultaneously  m  the  field  of  the  telescope, 
one  above  the  other  and  intersected  by  the  same  cross-hair.  Indeed,  it 
would  not  be  difficult  so  to  arrange  this  device  that  the  stationary  image 
could  be  used  as  a  vernier  on  the  moving  image. 


Fig.  4,— Sectional  ele 
vation  of  the  tabu 
lar  apparatus. 


METHOD  OF  TEMPERING. 


8.  Quenching. — The  wires  used  (Stubs's  steel)  weie  hardened  galvan- 
ically  as  described  elsewhere.^    To  Prof.  H.  A.  Kowlaud,  who  placed  his 


*  Three  wood  screws,  the  hoa<l  of  one  of  which  is  planed,  of  another  hollowed  out  coniciUly,  make  a 
good  a4\)ustable  plane-dot-slot  arrangement 
'Bull.  U. S. Oeol.  Survey.  No,  14.  p.  29;  Wied.  Ann.,  1880,  vol.  11,  p.  932.    Cf.  §  55. 
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dynamo-electric  machine  at  our  disposal  for  this  purpose,  and  fav6red 
OS  with  the  benefit  of  his  advice  during  almost  the  entire  afternoon,  we 
owe  onr  cordial  thanks. 

The  apparatus  for  quenching  deserves  special  description,  being  sim- 
plified in  general  cliaracter  and  made  available  for  divers  ulterior  pur- 
t>oses.     It  is  given  perspectively  in  Fig.  5,  slightly  tilted  forward  to 


Fio.  5. --Galvanic  apparatiiH  for  quenching  M^I- 


show  the  parts.  Here  gh  is  the  trough  of  sheet  iron  in  which  qaenching 
is  to  take  place.  The  wire  dd\  kept  slightly  stretched  by  two  horizontaL 
beak-shaped  arms  dk^  d'hf  which  are  swiveled  on  the  axle  kV^  is  sus- 
pended horizontally  just  above  the  water  in  gh.  A  spring  at  &,  tends  to 
snap  the  wire  into  the  water,  unless  prevented  by  the  notched  stop  a. 
by  therefore,  tends  to  rotate  the  axle  kk'  which  to  secure  insulation  is 
madeof  hard  rubber.  Finally  the  rear  endsof  the  said  beak-shaped  arms, 
are  bent  downward  and  amalgamated.  During  the  suspension  of  the 
steel  wire  they  dip  into  oblong  adjustable  troughs  of  mercury  c,  &  which 
communicate  with  a  battery  or  dynamo.  Finally,  two  spiral  springs, 
«,  ^,  by  drawing  the  rear  ends  of  the  arms  together,  (swivel  at  k  and  k') 
keep  the  wire  stretched,  as  has  been  stated,  even  at  red  heat.  The  level 
of  mercury  in  c  and  &  is  so  adjusted  that  the  current  of  the  battery  is 
broken  the  moment  the  wire  touches  the  surface  of  the  water. 

The  method  of  operating  is  easily  understood.  Having  closed  the 
carrent  and  heated  the  wire  to  the  degree  of  redness  desired,  the  pin  at 
a  is  quickly  released,  which  whips  the  wire  suddenly  into  the  water  and 
at  the  same  time,  as  already  stated,  automatically  breaks  the  currents. 
The  cold  wire  will  be  found  quenched  glass-hard,  or  indeed  harder,  so 
that  specific  resistance  may  run  as  high  as  «=50  microhms.  Ah  re- 
gards homogeneity,  too,  these  wires  are  exceptionally  excellent,  as  will 
be  indicated  below,  twenty  wires  of  about  150*™  each  in  length  having 
for  certain  special  purposes  been  ei^amined  per  2^"^  of  length  of  each. 

The  present  apparatus  offers  many  conveniences  by  which  quenching 
is  appreciably  facilitated.  This  will  be  seen  by  comparing  it  with  the 
older  galvanic  apparatus.^  Alterations,  moreover,  are  easily  introduced 
by  which  quenching  may  be  effected  in  water  or  metal  of  any  tempera 


1  Bull.  U.  S.  Geol.  Survey,  Ko.  U,  1885,  p.  29. 
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tare  (simply  heatiog  tbe  trough  gh  with  burners  placed  underneath); 
and  by  which  the  rod  may  be  quenched  from  any  temperature  of  red 
heat  corresponding  to  known  intensity  of  the  galvanic  current  which 
heats  the  wire. 

9.  Annealing. — ^The  annealing  was  effected  by  drawing  the  glass- hard 
wires  through  a  zone  of  constant  temperature  by  clockwork.'  Cf.  §  55. 
This  operation  is  also  of  such  importance  and  so  difficult  to  accom- 
plish in  case  of  very  long  wires,  that  an  apparatus  by  which  it  is  satis- 
factorily done  deserves  description.  It  is  given  in  perspective  view  in 
Fig.  6,  and  consists  essentially  of  a  Barns'  bailing  tube  T,  containing 
the  substance  boiling  at  the  temperature  at  which  annealing  is  to  take 

place. .   Water  100<^,  aniline  185<^,  diphenylamine 
J»\        310O,  mercury  360o,  sulphur  45()o,  are  usually 
^__r^>^^SIl^        sufficient  for  annealing  work.  Other  substances 
■wnJUPV^  ^^^  given    elsewhere.*     These   substances  are 

easily  boiled  by  aid  of  tbe  ring  burner  surround- 
ing the  tube,  and  annealing  is  commenced  when 
the  thermal  distribution  has  become  stationary. 
The  central  tube  of  the  boiling  tube  T  is  pro- 
longed downward  by  attaching  the  closed  tube 
tj  long  enough  to  envelope  the  cold  steel  wire  to 
be  annealed.  This  wf^'C  (or  wires)  is  suspended 
from  a  very  fine  copper  filament,  tbe  upper  end 
of  which  is  fastened  to  tbe  drum  or  di^c  0  of 
the  adjustable  clock.  When  tbe  clock  has  been 
set  in  motion  the  wire  is  slowly  drawn  through 
the  zone  of  ebullition,  by  the  revolving  drum  C. 
All  parts  are  attached  to  a  ring  stand  as  shown, 
and  easily  adjustable.  In  the  fl<;ure  the  wires 
are  given  at  w  prolonged,  in  which  position  they 
are  about  half  way  through  the  zone  of  ebulli- 
tion. If  %  be  the  height  of  the  zone  and  R  the 
radius  of  the  disc  C  revolving  once  per  hour, 

then 

h 


Fio.   6. — Appamtos   for  an- 
nealing long  steel  wire. 


t=. 


2nE 


is  the  time  of  annealing  in  hours.  Again  by  making  %=2;r,  the  time  of 
exposure  in  hours  is  the  reciprocal  of  the  radius  of  the  disc  in  centi- 
meters. 

This  method  of  annealing  is  exceedingly  convenient  at  high  tempera- 
tures, as  only  a  very  narrow  zone  of  constant  temperature  is  called 
for.  Between  500<=^  and  1,000<=^  such  work  is  done  by  replacing  tbe  an- 
nealing tube  by  an  annealing  crucible  of  porcelain  or  tire  clay  of  the 


*  Barns :  Am.  Jour.  Sci.  (in),  1886,  vol.  32,  p.  279. 

*  Barns:  Bnll.  U.  S.  OeoL  Survey,  No.  54, 1889.  p.  87. 
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form  giv^u  iu  Fig.  7,  tbe  crucible  beiug  placed  in  n  saitabte  Fletcher 
fomace,  as  shown  in  Balletin  No.  54.  Cadmium,  zinc  bismuth,  may 
then  be  used  for  high  temi)erature  boiling  points 
and  the  rods  suitably  protected  by  atmospheres 
of  hydrogen  or  carbon  dioxide. 

EUM I  NATION  OF  RRRORS. 

10.  The  steel  wire  to  be  used  in  these  experi- 
ments are  all  about  0*1®*"  in  thickness.  Hence  to 
determine  the  condition  of  equilibrium  or  motion 
in  the  torsional  apparatus  described,  it  is  neces- 
sary to  consider  the  respective  moments  of  the 
bifilar  couple  (3ft),  of  the  torsional  couple  {Mr) 
and  of  the  flexural  couple  {M^  by  which  the  mov- 
able end  is  actuated. 

The  moment  of  the  bifilar  couple  has  the  well 
known  form^ 

^^'-''-  ....        (1) 


Mj=J-j-iii^  sin  a 

where  A.  and  \'  are  respectively  the  distance  apart 
of  the  upper  ends  and  the  lower. ends  of  the 
bifilar  wires,  I  the  vertical  distance  and  a  the 
horizontal  angle  between  the  lines  X  and  A.',  mg 
the  weight  of  tbe  whole  suspended  adjustment. 
To  mg  should  be  added  one-half  tbe  weight  of  the 
wires. 
The  moment  of  the  torsion  couple  is  Mj^ra^ 

where  r  is  the  sum  of  the  torsional  coefficients  of 
the  wires.  This  applies  because  the  sum  of  the 
storedtorsional  moments,  for  a=0,  is  T-f  (—  r)=0. 
We  may  give  Mr  an  experimentally  ^nvenient 

« 

form  by  substituting  for  r  the  approximate  value 
derived  in  elastics.    We  obtain 


Fig.  7— "W"  craoible  for 
ADDealioK. 
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a 


(2) 


where  p  is  the  radius  of  the  steel  wires  used,  E  the  o.  g.  «.  value^  of  the 
modulus  of  elasticity  of  steel. 

The  moment  of  tbe  fiexural  couple  is  more  involved.  Ifp  be  tbe  dis- 
tance between  vertical  planes  passing  through  the  bifilar  wires,  and 
if  /  be  the  horizontal  component  of  tbe  fiexural  force,  then  the  flexnial 
couple  is  M,==/p.    We  have  however  by  geometry,  p=(  A  A'  sin  a)  /», 

*  KohlrftnAcb  Leitfaden.  1884,  p.  187.    Maxwell,  1881,  toL  H,  p.  108. 

*  Poiaaon's  coefficient  ia  in  the  following  esitimate  taken  at  ^ :  If  £'  be  the  current  technical  modalaa 
referred  to  the  Irilogram  and  aquare  millimeter,  B=B^  g  x  10*. 
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where  s  is  the  BUtn  of  the  horizootal  projections  of  the  wireel.  We  have 
moreover  given  as  in  elastics 

2 
and  therefore  the  couple  in  question  becomes 

i/,=^  ^^' ^*  ^  sin  a        ...         (3) 

The  eqaations  1,  2,  3  enable  us  to  choose  the  dimensions  of  the  wire 
and  of  the  apparatus  as  well  as  to  select  conditions  of  experiment  such 
that  the  torsional  couple  may  alone  be  effective.    The  following  are  ex- 
tremely unfavorable  phases  of  the  best  available  values,  in  question: 
A=X'<0-2«™;  i>25<^";  w<2500«;  a<0-'2O; 

In  view  of  the  small  values  of  a  it  is  sufficient  to  compare  the  coeffi- 
cients only.    We  obtain  nearly 

JIf »:  M^:  3/,= 1000 :  280000 :  20. 

Hence  it  appears  that  in  the  case  of  the  chosen  dimension  the  most 
unfavorable  effi^ct  of  the  bifllar  and  flexural  couples  combined  is  less 
than  0*4  per  cent  of  the  torsional  couple.  Moreover  t  he  torsional  couple 
becomes  more  predominant  as  the  angle  of  deviation,  a,  increases,  so 
that  no  serious  inaccuracy  from  the  discrepancies  here  enumerated  need 
be  apprehended. 

11.  When  we  operate  with  glass-hard  steel,  we  encounter  so  many 
mechanical  difficulties,  that  the  conditions  postulated  in  the  foregoing 
analysis  can  not  be  immediately  assumed.  We  can  not,  for  instance, 
adjust  the  tensions  of  the  two  wires  precisely  to  equality.  Nor  is  it 
easy  so  to  store  the  permanent  torsion  that  the  parallelism  of  the  lines 
joining  the  upper  and  lower  points  of  suspension  remains  intact.  Under 
these  circumstances  flexural  and  bifilar  couples  may  have  very  diiferent 
values  from  the  ones  accepted,  and  the  moments  as  a  whole,  will  form 
a  complex  aggregate.  Although  it  is  improbable  that  the  ilexural  and 
bifilar  discrepancies  will  exceed  the  limits  of  error  investigated,  it  is 
none  the  less  desirable  to  determine  them  by  direct  experiment.  This 
can  be  done  with  convenience  and  great  accuracy. 

Let  the  water  be  removed  from  the  jar  ILK,  and  the  system  be  put 
in  vibration  around  a  vertical  and  in  such  a  way  that  the  angle  a  remains 
small.    Then  the  circumstances  of  motion  are  given  by 

where  K  is  the  moment  of  inertia  of  the  bifilar  body,  Z  the  time  of  a 
complete  vibration.    If  we  replace  the  steel  wires  by  threads  for  which 
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r  and  ^Mj/  6a  are  zero,  we  may  find  the  value  of  tbe  bifilar  coefficient 
in  terms  of  the  otlier  two.    We  cite  the  following  typical  experiment:' 

Steel  wires:  Z.=0-025  sec;  Z=2C«™;  A<0'1««; 

Brass  capillary  wire :  Z4=0-35sec.;  Z=JO«™;  XrsO-2^";  V=0-3«'». 

If  we  reduce  the  results  for  capillary  brass  wire  to  the  Tand  X  which 
obtain  for  steel,  we  deduce  Zfr=0*40  sec.  Hence  the  bifilar  coefficient 
is  less  than  0-4  per  cent  of  the  combined  torsional  and  fiexural  coeffi- 
cients, in  very  unfavorable  values  of  the  chosen  dimensions.  This  ex- 
perimental result  agrees  with  the  one  calculated  above.. 

12.  The  following  static  method  is  better,  being  exhaustive  and  final. 
Let  the  lower  ends  of  the  pair  of  identical  steel  wires,  A  and  £,  be  fast- 
ened with  the  bolt.  Let  rotation  at  this  end  be  temporarily  checked. 
Then  we  may  store  like  degrees  of  torsion  by  twisting  the  upper  ends 
of  the  wires  in  the  following  three  ways : 

a.  Let  the  wire  A  be  twisted  -f  360<^  and  then  fastened  to  B.  Left  to 
itself  the  upper  end  of  the  syst-em  will  rotate  — 180^  so  that  the  residual 
torsion  of  A  is  +lSOo ;  of  ^  is  — 180^  The  total  couple  actuating  the 
bifilar  body  then  is  of  the  form  ±  3/j+Af^i3f^ 

b.  Let  the  wires  A  and  B  be  twisted  +180^  and  —180^  respectively 
and  then  fastened  together.  Left  to  itself  the  upper  end  of  the  system 
will  not  move.  The  residual  torsion  is  therefore  the  same  as  in  case  a; 
bnt  the  total  couple  here  actuating  the  bifilar  body  is  M^:LO.  This  is 
the  case  premised  in  the  analysis  which  introduces  this  paragraph. 

c.  Let  the  wire  B  be  twisted  ^360^  and  then  fastened  to  A.  Left  to 
itself  the  upper  end  will  rotate  +180^,  so  that  the  residual  torsions  on 
A  and  B  are  the  same  as  in  cases  a  and  b;  but  the  total  couple  which 
in  ciise  of  viscous  motion  actuates  the  bifilar  body  has  now  the  form 

This  is  the  device :  We  are  able  to  commutatey  as  it  were,  the  com- 
bined flexual  and  bifilar  couples  relative  to  the  torsional  couple  of 
fixed  sign.  In  the  results  below  this  test  is  frequently  applied  and  we 
will  there  show  that  for  the  chosen  dimensions  the  torsion  couple  only 
need  be  considered. 

13.  In  the  case  of  the  tubular  apparatus.  Fig.  4,  the  present  precau- 
tions are  at  once  superfluous.  Here  each  wire  is  introduced  into  the 
tube  and  compared  with  the  next  wire  introduced  under  like  circum- 
stances. The  tubular  apparatus  is  specially  adapted  for  the  investiga 
tion  of  viscous  detorsion  in  its  dependence  on  the  applied  torsional 
stress,  as  well  as  on  time.  But  the  same  work  may  also  well  be  done 
with  the  bifilar. 

The  viscous  effect  of  the  relative  sections  of  the  wires  and  allied  ob- 
servations, with  a  bearing  on  viscosity  proper,  can  more  expediently  be 
made  after  the  experimental  data  have  been  communicated.  It  is  con- 
venient to  insert  a  few  remarks  on  the  rigidity  of  efficient  parts  of  the 
above  apparatus  here.  In  the  tubular  adjustment,  if  (2  be  the  diameter  of 
the  wire,  di  and  2>i  the  diameters  of  the  tube,  if  ( symbolize  tliQ^tE^tv^^ 
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length,  T  the  amount  of  stored  twist,  0  the  rigidity,  we  have,  in  view 
of  the  eqnal  couples, 

^.32i   -^^         32i,  ^  ^ 

Now  in  order  to  make  sharp  comparisons  on  the  viscosity  of  solids,  in 
order  to  investigate  its  dependence  both  on  time  aod  on  stress,  the  ap- 
paratus is  to  be  so  adjusted  that  like  stresses  produce  like  strains  in  the 
substances  compared.    Hence  put  T=T],  whence 

d*          Oil               I  ,o, 

=  const.  1- (-^) 


This  applies  to  the  bifllar  apparatus  for  di-=:0.  The  equation  (2)  shows 
at  once  how  to  study  viscosity  under  conditions  in  which  like  stresses 
produce  like  strains  upon  like  sectional  areas  of  the  viscous  solids 
compared. 

EXPERIMENTAL  DATA. 
NOTATION. 

14.  In  Bulletin  14  we  used  the  word  *^  retentiveness"  in  the  restricted 
German  sense  to  designate  magnetic  stability,  or  the  property  in  virtue 
of  which  a  magnet  resists  sach  influences  as  temperature,  percussion, 
time.  The  common  English  use  of  the  terjn  is  much  broader  than  this 
and  refers  to  residual  induction*  in  a  general  way.  Fortunately  the 
context  of  our  papi-r  is  sufficiently  clear  and  does  not  admit  of  seri- 
ous misapprehension.  Inasmuch  as  measurement  of  total  induction 
has  not  yet  fallen  properly  within  the  scope  of  our  work,  we  purposely 
withhold  many  obvious  allusions  to  magnetic  permeability.  We  more- 
over retain  the  term  permanent  magnetization  to  denote  the  magnetic 
moment  per  unit  of  mass  of  a  permanently  saturated  rod,  for  the  sake 
of  uniformity  with  our  earlier  notation.  Its  ratio  to  magnetic  intensity 
is  therefore  the  density  of  steel. 

To  avoid  troublesome  circumlocution  we  use  the  adjective  '*  viscous^' 
with  the  very  broad  meaning  of  "  pertaining  to  viscosity."  Such  ex- 
pressions as  '^  viscous  phenomena"  though  not  elegant  are  convenient. 
Similarly  we  often  speak  without  confusion  of  'Minear  magnetization" 
where  <<  magnetization  of  a  linear  rod"  is  meant.    Gf.  §  55. 

INTRODUCTORY  EXPLANATIONS. 

• 

15.  The  following  tables,  Nos.  1  to  26,  contain  results  for  the  viscosity 
of  steel  in  different  states  of  temper.  To  these  are  appended  other 
tables  of  a  miscellaneous  kind.  For  convenience  of  comparison  we  in- 
sert a  little  index.    The  apparatus  used  in  obtaining  the  data  are  desig- 


'  Mr.  Ewiog  proposes  a  iiuw  aod  very  eUgant  extension  of  the  current  use  of  "  retentiveness."  He 
defines  it  as  "  resistance  to  any  change  of  msgnetic  state  which  (raagnets)  exhibit  whenever  the  mag* 
Aetic  field  in  which  they  are  placed  suffers  any  chauge."— Phil.  Trans.,  vol.  2, 1885,  p.  526. 
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nate^l  by  the  Botnaa  immerals  iu  tlie  first  colamii.  Nos.  £  to  lY  arc 
different  forms  of  the  bifilar  adjustment;  No.  Y  is  the  tubular  instru- 
ment. The  index  also  contains  the  numbers  of  the  rods  or  fibers  joined 
together  to  make  the  bifilar  couple  and  gives  other  information  readily 
understood.  Glass  and  iron  fibers  are  lettered.  It  is  to  be  remembered 
that  in  the  steel  measurements  one  of  the  pair  of  wires  is  always  glass- 
hard,  the  other  annealed  as  specified. 

INDKX  TO  TaBLKS. 
I.  RXPERIMKNT8  PROPER. 

Temper  of  the  rod  coupled  with  gloBB-hard, 


Apparfttns 
No. 


I. 

II. 

IIL 

IV. 


Apparmtas 
No. 


I. 

n. 

III. 
IV. 


Annealed  at  20O. 


Table  1,  Rods  47,  48. 
Table  2,  Rods  1,  2. 


Annealed  at  390°. 


Table  13.  Rods  17,  18. 


Table  14.  Rodo  21,  22. 


Annealed  at  100^. 


Table  3,  Rods  3. 4. 
Table  4,  Rods  48. 44. 
Table  5,  Rods  5, 0. 
Table  6,  Rods  45. 40. 
Table?.  Rods 7, 8. 

Tables,  Rods 9, 10. 


Annealed  at45<K>. 

Table  15,  Rods  23, 24. 
Tabic  16,  Rods  2S,  20. 


Annealed  at  19(K>. 


Table  9.  Rods  11, 12. 

Table  10.  Rods  13,  14. 
Table  11,  Rods  10,  20. 
Tabic  12.  Rods  15, 10. 


Annealed  at  lQWi°  (soft). 


Table  17.  Rods  53. 54  (drawn). 

Table  18,  Rods  27. 28  (soft) 

Table  10,  Rods  29. 30  (com- 
mercial drawn). 

Table  20,  Rods  31. 32  (com- 
niercial  annealed). 

Table  21.  Rods  33,34  (an- 
nealed Irom  glass-hard). 
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Apparatus 

No. 

Glass  liber.                               Glass  fiber, 
a.                                               b. 

Iron  drawn. 
*,  e,  k. 

I. 
II. 

Ill,  IV. 
V. 

Table  22.  Rod  35. 

Iron  (soft). 
g,  d,  m,  n. 

Table  23,  Rods  36, 42. 

Table  25.  Ro<1  49. 
Table  24.  Rod  37. 
Table  27.  Rod  50. 

Brass  tube, 
(thin). 

/. 

ApparatuH 
No. 

Brass  tube 
(thick). 

e. 

I. 

I. 

I. 

V. 

Table  26.  Rod  38. 
Table  28,  Rod  55. 
Table  29,  Rod  56. 

Table  38,  Rods  39. 40. 

Table  39,  Rod  41. 

\ 

Apparatus. 

Miscellaneous  soft  st«e1. 

ni. 

III. 

III. 

IV. 

IIL 

IV. 
L 
I. 

Table  30,  Rods  51. 52. 

Table  31,  Rods  61,  p  (nickel). 

Table  35,  Rods  57, 58. 

Table  96,  Rods  60. 60. 

Table  87,  Rods  57, 58, 59,  60  (quadrifllar). 

Table  32,  Rods  62,  q  (drawn  copper). 

Table  88,  Rods  63,  r  (soft  copper). 

Table  84,  Rods  64,  $  (soft  copper). 

\ 
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EXPERIMENTS  PROPER. 

18.  Notation. — In  Tables  1  to  26,  R  douotes  the  distance  between 
mirror  and  scale,  I  the  efficient  length  of  the  steel  (bifilar)  wires,  X  the 
distance  between  the  apper  and  lower  points  of  suspension.  T  (in  de- 
grees) is  the  stored  torsion,  imparted  to  the  whole  length  (30^"')  of  wire, 
positively  or  negatively  as  specified,  whereas  q^—qjf  (In  radians)  is  the 
amount  of  angular  motion  (differential  detorsion)  of  the  bifilar  system  due 
to  viscosity,  per  centimeter  of  length  of  the  system  of  two  steel  wires. 
Positive  values  of  T  and  ^— ^'  refer  to  the  same  angular  direction,  and 
<p—q]f  is  arbitrarily  put  zero  (to  fix  the  co-ordinates)  at  the  time  one 
hour  after  the  tw ist  T  has  been  imparted.  This  is  the  best  conveniently 
available  method  for  comparing  the  divers  data.  Other  methods  would 
have  compelled  us  to  wait  for  the  subsidence  of  motion,  certainly  several 
months  in  each  case.  Moreover,  to  obtain  extreme  degrees  of  accuracy, 
it  is  necessary  to  study  viscosity  under  circumstances  of  constant  tem- 
perature, and  in  a  place  where  the  viscous  yielding  may  proceed  unac- 
companied by  tremor  or  vibratory  motion  of  the  apparatus.  For  these 
nice  experiments  we  are  not  now  prepared. 

The  tables  furthermore  contain  the  date,  the  number  of  hours  (^o) 
elapsed  since  the  beginning  of  the  experiment,  and  the  arbitrary  deflec- 
tion, i\r  (radians  per  centimeter  of  bifilar  length),  for  each  of  the  times 
specified.  The  radius  of  the  wires  is  given  under  p.  Finally  the  sense 
of  the  couples  actuating  the  bifilar  body  is  indicated  by  r  (torsion),  h 
(bifilar),  /(flexure). 

Fn  practice  N  is  the  angle  between  the  normals  of  the  upper  and  the 
lower  mirror  (Fig.  1)  divided  by  the  efficient  length  i,  of  the  wires. 

17.  The  symbol  (^  -<^')  has  been  chosen  to  indicate  the  essentially 
differential  character  of  this  variable,  as  will  be  fully  exhibited.  Here 
it  is  merely  necessary  to  point  out  that  q)  refers  to  the  viscous  yielding 
of  one  of  the  counter-twisted  wires  and  ^  to  the  other.  In  succeed- 
ing chapters  we  shall  usually  replace  T  by  the  rate  of  twist  t=T I  /. 
In  the  present  chapter,  since  there  is  no  means  of  measuring  tlie  total 
viscous  yield  during  the  interval  of  observation,  Tis  the  initial  value 
180O  given  by  the  method  of  adjustment,  §  12.  As  the  experiment 
continues,  Tis  reduced  in  value. 

It  is  to  be  remembered  that  one  of  the  two  wires  is  always  glass-hanl. 

18.  Rods  annealed  at  25^  and  at  100^. — The  data  obtained  are  given 
iu  Tables  1  to  8. 
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Table  1.— Apparatus  I. 

A=217*-;  I=27«;  A<0-2«.    Rods  r  No.  47,  glass  hard.  r=-180^;  Ko.  48.  fflM«-bard,   ltr  +  180o. 

2^=0-082«-. 


Date. 

J^XIO' 

A« 

(♦-.>')  X10» 

1 

Date. 

JV^XIO* 

0-615 
0-683 

0653 
6670 

0-696 
0-714 

0  734 
0-755 

*•     . 

(♦-♦')  X10» 

Ao|;.  21,  6h  08- 

6  21 

7  08 

(*) 

0-438 
0-468 
0-543 
0-552 
0-555 

0568 
0-572 
0577 

0-588 
0-600 

0-00 
0-22 
100 

15  82 
23  83 
24-77 
39  OU 
42-38 
47-48 

6712 

(*)          1 

-0-030 

+0000 

0-075 
0084 
0087 

0-ioo 

0-104 
0109 

0-126 

Aug.  25,  9^06- 
7    01 

91-92 

114-52 

110  26 

164-06 

0-156 
0-194 
6-237 
0  276 

26,  9*  10- 
4    08 

22,  9*  57- 

5  58 

6  54 

23,  9^  08- 
12   31 

5   37 

27,  9^  11- 
7    36 

28,  9^  21- 
6   55 

•29,  lO"-  12- 
6    17 

0-780 
0.702 

18811 

0318 

24.  9*  17- 
5    13 

1 

•Adjusted  T- 6-/. 


Tablk  2.— Apparatus  II. 


R=W9^;  l=26«-;  A<0'2'-.     Rods:  No.   1,   glass-hard,   7=:  +  180O;   No.  2,  glass-hard,  r=-180o. 

2p=0'O82». 


Date. 

JVXIO* 

A« 

(*-^OXl0« 

Date. 

A^XIO* 
1930 

A« 

(♦-^')X10» 

June  11,   4*  30- 

(♦) 

0  00 

June  12,   8>>  36- 

1608 

0015 

5   00 

1-896 

0.50 

—0  009 

9   25 

1-922 

1693 

00J7 

5   30 

1005 

l-OO 

irOOOO 

10    10 

1-922 

17  67 

0-017 

6   15 

1-909 

176 

+0-004 

1      5 

1-928 

20  58 

0-Oil 

7   00 

luio 

2-50 

0-005 

2    20 

1926 

21-83 

0-021 

7   33 

1-913 

306 

0-008 

5   00 

1-926 

24-50 

0-021 

5    50 

1-926 

25  33 

0021 

8   30 

1^26 
1926 

28  00 
40-66 

0-021 

13,   8*  30- 

0.021 

*AdJustedT— 5— /. 


Table  3.— Apparatus  I. 


Ji=z20i^;   «=37'-;    A<0.2«« 


Date. 

A'XIO* 

Jane  24,  8^  30- 

(*) 

9  00 

0139 

9   30 

0-194 

10  M 

0-377 

11   49 

0-313 

13  87 

0-838 

1   53 

0-873 

3   15 

0-401 

4  01 

0-418 

4   55 
6     5 

0433 

0-153 

26^  8»41- 

0619 

11   36 

0-640 

6  25 

0-682 

6  68 

0-692 

Rods:  No.  3.  glass-hard,  7=  — 180°;  No.  4.  annealed  at  lOOo,  iQk, 
T=  +  180O.    2p  =  0-082«-. 


h. 

Date. 

A^XIO* 

A. 

(*-.>')  X10» 

0-661 
0573 
0584 
0508 

000 
0-50 
1-00 
2-43 

(*) 

-  0055 
±0-000 
+0-083 
0-118 
0114 
0-179 
0-207 
0.234 
0-239 
0-259 

0-426 
0*446 
0  488 
0-498 

1 

June  36,  8''  23- 
12   04 
3    17 
6    50 

0-755 
0-787 
0-778 
0-792 

47  88 
51-67 
54-78 
58  38 

72-33 
7857 

3-32 
4-12 
5-37 
675 
7-52 
8-42 

27,   »^  50- 
3   04 

0-8.25 
0-834 

0-857 
0-857 
0-850 

0-864 

0631 
0640 

0-663 
0663 
0-665 

0-670 

28,   8^  00- 
11    29 
5   22 

05-65 

98  98 

104-87 

9-58 

24-18 
27-08 
32^ 
34-47 

29,   8^  07- 

118  63 

ft 

A^nstedr-6-/. 
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i2  =  317«-;    1  =  27*-;  A<0-2»-. 


Tablk  4. — Apparatus  I. 

Rods:  Ko.  43.  glaM-hard,  T=  — 180^;  No.  44,  annealed  at  lOOo,  0^, 
r=+180o.    2^=0-082. 


Date. 

JVXlO* 

Ao 

(^^')X10» 

Date. 

A^XIO* 

140-19 
167-07 

(4t-^)X10« 

Aug.    8,  6>'  00* 
6   17 

1365 

im 

1043 

000 
0-28 
1-28 
2-66 

—0  125 
+0013 
+0  097 

Aug.  14,  9"  11- 

5  12 

15,  1"  34- 

6  35 

16,  I*  27- 
6   65 

17,  9"  2-2- 
6    55 

18,  ^  15- 

5  29 

19,  9*  03- 

6  35 

20,  9"  16- 
6    44 

21,  g*  07- 

—0-447 
—0-509 

1-618 

6  17 

7  38 

—0-635 
—0-664 

1790 

9,  9^  05- 
11    66 
1    06 
7    06 

0-736 
0-686 
0^64 
0-679 

16  08 
1893 
20-10 
2608 

41 -U3 
44 -3  J 
49-33 

69  15 
~    92  43" 

~  ii«~i6~ 

0-404 
0-464 
0-476 
0  561 

0-713 
0  752 
0-807 

1-001 

—0  765" 
—0-783 

—0-858 
—0-918 

19118' 

1*909 

213-15 

2028 

10, 10^  02- 
1    19 
6   20 

0  427 
0-388 
0  333 

0-184 
0  147 
00S6 

—0-042 
—0  117 

—0-984 
—1015 

236-36 

2139 

—1-066 
—1094 

260-82 
28500 

2-8'JO 

11.10*  06- 
1    16 

7   06 

—1136 
—1162 
—1-196 

2-289 

12.  9^  22- 

1320 

6   30 

304-12 

2-336 

13,   9"  09- 
1   28 
4    41 

—0-245 
—0  285 
—0-316 

1-422 

*  A^asted  t  +  »  +/. 


Tablk  5. — Apparatus  II. 

J{=208«>;    1=20*-;    A<0-2«-     Rods:  Ko.  5,  glass  hard,    T=— 180°;    No.  6,  annealed  at  lOOo,  9*. 

T=  +  180o.    2^=0-082*-. 


Date. 

iV^XlO* 
(*) 

000 

(^— ^')  X 10' 

Date. 

JVX10» 
2-398 

23  75 

(*-*')  X10»J 

Jane  13,  9*  16- 

June  14.  9»  00- 

0-488 

10    16 

1-907 

100 

0-000 

10    30 

2-401 

25-25 

0494 

11    16 

2-031 

200 

0124 

I      3 

2-407 

27  80 

0-600 

12    06 

2-100 

2  83 

0-193 

2      6 

.    2-409 

28  85 

0-503 

1    26 

2162 

4-17 

0-26J 

3    SO 

2-409 

30-58 

0-603 

3    16 

2-247 

602 

0-340 

6    27 

2-412 

32-20 

0-606 

5    05 

2-296 

7-83 

0389 

to    53 

2-412 

33-60 

0-605 

6    50 

2-345 

9-58 

0-438 

7    30 

2358 

1026 

0-451 

*  Adjusted,  r — b—f.  f  Subeeqaeni  movement  apparently  retrograde. 

Table  6.— Apparatus  II. 

1{  =  203»|  1=27"-;  A<0-2'-.     Rods:   No.  45,  plass-hard,  7=  — 180O;    No.  46,  annealed  at  100©,  10*. 

r=fl80o.    2^=0-082«-. 


Da 

te. 

6* 
6 

7 

12 

7 

10- 
19 
32 
06- 

31 
52 

Aug.  8, 

9, 

10. 

10* 
1 
6 

02- 

19 
19 

11, 

10* 

1 
7 

46- 

14 
06 

13. 

9* 
6 

23- 
80 

13,    9*  09- 
1    28 
4    41 


JV^XlO* 


1-602 
r;422 

1-195 
1-169 
1-098 


1-007 
0-993 
0-948 

"0-853" 
0-833 
0-789 


0-709 
0-658 


0-576 
0-544 
0-526 


000 

0-15 

^-37 

15  75 
18-35 
25-70 


39  87 
43-15 
48-16 
68-19 


91  26 


114-93 


(^-i^')Xloa 


(•) 

—0  062 
+001r< 

0245 
0  271 
0-34-i 

0-433 
0-447 

0-615 


0-756 


0-891 


Date. 


Aug.  14,  9''  11- 
5    12 


15,  1^   34"' 
6    36 



J  6.   1"   27- 
6    55 

17,  9*  22- 
6    55 

18,  9*   15- 
5    29 

19,  9*  03'" 
6    36 

20,  9*   16- 
6    44 


A^XIO* 


0-440 
0-399 

u'3r« 

0298 
0  234 
0  211 

0163 
0119 

0070 
0  046 


0-007 
—0-008 


—0-040 
—0*066 


139-08 

l66'9r 

190-02^ 

2ir98 


236-20 


259-66 


283-83 


(*-^')XlO« 

1-020 
ri33 

r-2ir 

1-299 


1-382 


1-440 


1.488 


*  Adjusted,  r +  6+/. 
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£=400—;    1=27^ J    A<0.5 


Tabls  7.-- Apparatus  III. 

Sods:   No.  7,  glaas-lubid,  7=— 180O;   Ko.  8,  annealed  at  1W>,  10^, 
r=+180o.    2p  =  0*082**. 


Date. 

3^X10" 

A. 

(♦-♦')  X10» 

Date. 

JITXIO* 

ho 

(^^^0X16« 

July  1,  12^  40- 
1    30 
8    45 

3  26 

4  37 

5  39 

6  fO 

(*) 

3-122 
2-994 
8966 
2003 
2-869 
2-832 

0*00 
067 
8-08 
2*76 
3-95 
496 
6-32 

(*i 

0-128 
±0000 
+0038 
0091 
0125 
0162 

Jnly  6,    8"  40- 
l    63 
6    16 

1-800 
1-864 
1-886 

120-61 
144-55 

1-137 
i-300 

7,    ti^  68- 
1    30 
6    16 

1*730 
1-691 
1-660 

8,    9k   16- 
12    43 
5    48 

1547 
1.616 
1-465 

168-69 

1-485 

2,    9*  82« 
1    46 
6    11 

2-6-27 
2-578 
2554 

2-435 
2-397 
2-331 

20-70 
26-10 
28-52 

0*367 
0-416 
0440 

9,    8k  36- 
12     11 
5    18 

1-306 
1339 
1-307 

192-02 

1-657 

3,  8»  so- 
la 14 

6    30 

43  67 
47-67 
63-83 

0-559 
0697 
0-663 

0800 

10,    8k  07- 
18    09 
5    20 

1225 
1-200 
1-162 

216-87 

1-7118 

4,    9k  47. 
12    09 
3    08 
6    00 

2-238 
2*208 
2*183 
2-163 

7310 

11,    9k  08- 

1080 

236-47 

1-914 

6,    8k  40- 
12    00 
4    44 

2-061 
2033 
1-992 

95-80 

0-965 

♦Ai^usted,  T+6+/. 


Table  8.— Apparatus  IV. 


;  {=:a0>-;  A<0*a>-.    Bods:   No.  9,  glaiisbaid,   r=  — 180^;  Na  10.  annealed  at  lOOo,  lo* 

T— +  180O.    2p  =  0.082«-. 


Date. 

iVxlO» 

h. 

Jnly  1,   Ik  40- 

2  46 

3  26 

4  39 

6  40 

7  00 

(•) 
1-185 

1-213 
1-246 
1*266 
1-890 

0*00 
110 
177 
2*82 
4-00 
5.33 

2,    9k  29- 

1    48 
6    18 

1-420 
1-460 
1-482 

19-72 
24-13 
28  53 

3,   8k  88- 
12    16 
6    30 

1-677 
1-606 
1*641 

42*70 
46-58 
62-83 

4,    9k  4»- 
•    18    10 
3    09 
6    01 

1-729 
1*747 
1*770 
1-791 

7212 

(^-^0X10» 


(*) 

0-000 
0-0*28 
0061 
0-080 
0^105 

0-236 
0-274 
0-297 


0-392 
0-420 
0-466 


0  574 


Date. 


July  6,    8k  41- 
12    00 
4    45 


6,    8k  42- 

1    64 
5    17 


7,    8k   54- 
1    32 
5    18 


i<,    9k  18* 
12    43 
5    49 


9,    8k  37* 
12    11 
5    19 


10,    8k  07« 


iVXlO* 

K 

(*— ^0X10» 

1-876 
1-809 
1-935 

94-81 

0-718 
0  874 

2-0-27 
2-063 
2*088 

11063 

2185 
2-222 
2-249 

143-58 
167  61 

1*034 

2-362 
2-385 
2-4-27 

1206 

2-5J4 
2547 
2  581 

2-655 

191-04 
2i0-45 

1-36(1 

1-470 

— _^ 

*A^a8ted.  t— 6— /. 

The  data  of  these  tables  are  graphically  given  in  the  accompanying 
Fig.  8,  deformation  {<p-g/)j  as  ordinate,  time  in  hoars  as  abscissae.  Some 
irregularity  of  behavior  is  visible,  due  to  the  fact  to  be  further  indicated 
in  chapters  ii  and  iii,  that  the  viscosity  of  glass-hard  steel  can  be 
enormously  reduced  by  twisting.  Indeed  a  glass-hard  wire  twisted  back 
and  forth  as  far  as  maximum  viscosity  shows  about  the  same  value  of 
that  quality  as  a  rod  annealed  at  100<^  to  the  maximum  of  permanent 
hardness.  In  their  mean  relations,  however,  the  results  of  this  figure 
are  satisfactory  and  easily  comparable  with  the  new  results  now  to  be 
adduced. 

Ball  73 2 
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The  ordinates  iucrease  in  the  order  of  greater  viscosity  so  that  the 
abscis8(B  aie  glass-bard  wires. 


Fio.  8.~yiacoii8  deformarion  of  steol  annealed  at  20^  and  at  IWPt  com- 
pared with  glaes-bard  steel. 

19.  Bods  annealed  at  190^. — The  data  obtained  are  as  follows 

Table  9— Apparatus  II. 


/2=200»;  l=27«";    A^O-2*-.     Bods:   No.  11,  glass-hard.  r=— I8OO;  No  12,  annealed  at  190o,  2»; 

r  =  +  180o.    2p  =  0  082«-. 


Pate. 

ivxio* 

h.             (^-H^')X10» 

1 

Date. 

JV^XIO^ 

*•        j(^-^')X10» 

July  1,     4^  00" 

4  35 

5  36 

6  58 

(*) 

2-913 
2-7«7 
2-655 

0-00 
0-58 
1-60 
2-97 

(*) 

—0-073 

+0073 

0-186 

July  2,     9»'  20" 
1   46 
5   09 

2-216 
2-133 

2-080 

17-33 
21-75 
2515 

0.625 
0707 
0-760 

Jaly  3,     S"*  19- 
12   12 
6   28 

1-891 
1-843 
1.757 

40'3-J 
44-20 
60-47 

0.949 
0-997 
1-803 

*A<UaBted,r  +  &+/. 
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Tablb  10— Apparatus  III. 

ie=370"-;  l=:20'-;  A  <0-2«.    Bods:  No.  13,  glMshard,  7=— 180O;  Ko.  14,  annmled  atlOOo,   1^ 

r = + 1  aof'.  2p = 0  -082«». 


Date. 

JVXIO* 

^» 

(0-^')XlO» 

Date. 

JVXIO* 

^> 

(♦-*')  X10» 

.Tone  14,  12^  30- 

1  10 

2  05 

3  51 

4  21 

5  29 

6  56 

7  61 

1026 
1198 
1-402 
1-448 
1-525 
1-606 
1-648 

0-00 
0-67 
1-58 
3-35 
385 
4-98 
642 
7-35 

20-57 
21-50 
22  75 
24-67 
•26-47 
27.78 
29-18 
29-80 

—0065 
-fO-108 
0.312 
0-358 
0-435 
0-516 
0.558 

Jiuie21,  8*  22- 
12    15 
6   44 

t7   17 

3-732 
3-763 
8-810 
3-823 

169-91 

2-692 

22,  9*  10- 

1  18 

2  20 
6   42 

3-913 
3-943 
3-948 
3-980 

193-38 

2-856 

15,    9*04- 

10  00 

11  15 

1  10 

2  68 

4  17 

5  41 

6  18 

2  022 
2-0 12 
2073 
2-121 
2*165 
2195 
2-223 
2  233 

2-467 
2-492 
2-556 
2597 
2-638 

2861 
2-809 
2-942 
2995 
3-043 
3066 

0-932 
0-952 
0-983 
1031 
1-075 
1-106 
1-133 
1-143 

23,  8*  30- 
•        12   43 
5   42 

4066 
4-077 
4111 

214-86 

2-971 

24,  9*  02- 
12   89 
4    58 

4197 
4-222 
4-248 

240-38 

3-132 

25,  8*  44" 
11    38 
t5   81 

4-335 
4-851 
4-383 

264-18 
28918 

3-266 

16,    8*00- 
9   32 
1    07 
3    10 
6   60 

48-26 

1-460 

26,  8*  29- 
12   10 
3    12 
6   62 

4-448 
4-467 
4483 
4-504 

3-885 

17,   8*  34- 
10   20 
12   43 
3    35 

5  29 

6  45 

73  43 

1-878 

27,  8*  52" 
3   06 

4-575 
4-609 

311-49 

3-602 

28.   8»'  11- 
11    80 
5   25 

4  699 
4-720 
4-744 

335-87 

3631 

18,11*  45- 
4   39 
f6   09 

3-236 
3-283 
3-293 

99  02 

2-181 

29,  8*  11- 
8   46 
5   62 

4-8U 
4-854 
4866 

361-44 

3754 

19,  9*  07- 
12   10 
2   26 
5   50 

3-410 
3-432 
3-445 
3-458 

3-567 
3581 
3*622 
3-652 

120  92 

2346 

30,   8*53- 
12   26 
5   25 

4-943 
4-962 
4-982 

384  41 

3-872 

July  1,      8*  47- 

5028 

404-28 

5-028 

20,  8*  53- 
10   53 
S   26 
7   44 

145-23 

2-515 

•A^uated.T— ft— /. 


f  Rea^asted  after  this  obserration. 


Table  11— Apparatus  III. 


JK=400*-;   127*-;  X<0'2«. 


Bode:  No.  19,  glaaa-hard,   7=— 1800;  Ko.  90,  annealed  at  lOOo,  1*; 
T=+180o.    2p  =  0-082«-. 


Date. 

irxio* 

^> 

(t^-^)X10» 

Date. 

JVXIO* 

*. 

(♦-^')X10» 

Jnly  11,  3»  20- 
4   10 

4  20 

5  22 
7   00 

(*) 
—0-087 
±0-000 
-f  0-161 

0-829 

0-00 
0-83 
100 
2  03 
3-67 

—0-037 

-fc  0-000 

+0161 

0  329 

July  15, 10*  46- 
4   26 

1-491 
1-548 

94-27 

2-013 

16,    9*  18- 
1   44 
5   56  * 

1-695 
1-740 
1-780 

118-32 

2-232 

12,   7*  37- 

7   55 

9   02 

10   65 

5   27 

0-918 

t 

0-466 
0-528 
0-696 

16  28 
lG-58 
17-70 
19-68 
26-12 

0*919 
t 

0-960 
1017 
1-190 

17,   8*  47- 
12   53 
6   02 

l-»99 
1940 
1-992 

141-90 

2438 

18,    8*  44- 
2   26 

2-096 
2-161 

184-25 

2  617 

13,   8*  29- 
18   29 
5   08 

0-952 
0-999 
1-061 

41-15 
46  16 
49-80 

1-446 
1-408 
1-555 

10,    9*  39- 
12    20 
6   12 

2  304 
3-331 
2-371 

189-73 

2-8-J9 

14,   8*64- 

12   51 
4   41 

1-280 
1-270 
1-814 

69-49 

1-765 

•  Adjusted,  r-f  6  4- f. 
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i{=300— ;   1=27*-;   X  <0'2— . 


Table  12— Apparatus  IV. 

BodB«  Ko.    15^  glMs-hard,  T=—909i  Na    1^   annealed  at  190°,  1^; 
T=r  +  180o.     2p  — 0-O82«. 


Date. 

iVXlO* 

h. 

(t^-^')XlO' 

Date. 

JV^XIO" 

^ 

(9-^')X10» 

July  11,    4*  25- 
4    42 

4  55 

5  25 
7   00 

(*) 
—0210 
—0-143 
-0  035 
+0153 

0-686 
0-937 

000 
0-28 
0-60 
100 
2-58 

"    15-22 
25  05 

40-07 
44-07 

48  73 

6iB-4b 

(*) 

—0-175 
—0108 
±0  000 
+0188 

0-720 
0-972 

July  16,   9k  19- 
l   45 

5  58 

17,   8*  49- 
12    54 

6  03 

1*849 
1-885 
1-917 

117-26 

1-919 

2-093 

2256 
2  444 

2-562 

> 

2U-22 
2-052 
2  099 

2-198 
2243 

2-378 
2  419 
2-429 

140-84 

163-35 
188  66 

12,    7"  SH-" 
5    28 

18,   8«'  45- 
2    47 

13,    «••  29- 
12    29 
5    09 

1-179 
1-222 
1-280 

1-214 

.1-257 

1-315 

19,    9««  40" 
12    21 
5    13 

14,  8*  54- 
12   52 

4    42 

15,  lO*"  47- 

4    26 

1-434 
1-473 
1-512 

1-670 
1-720 

1-508 

20,   8»  32- 
11    40 

2-517 
2-538 

209-68 

93-20 

1730 

*  A^joBted,  T — b  — /. 


The  resnlte  of  these  tables  are  given  in  Fig.  9,  in  the  way  already 
indicated  in  Fig.  8.  The  agreement  here  is  much  more  nniform  than 
in  the  former  case.    Hods  show  pronounced  increase  of  viscosity. 


Jfia,  9,^ViacoiiB  defonnation  of  steel  annealed  at  lOO^,  compared  with  glass-hard  steeL 
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20.  Rods  annealed  at  360^.    The  data  obtained  are  as  follows: 


Table  13.— Apparatus  II. 

R  =  200»;  I=27«;  X<0-S«.  Bod«:  No.  17,  glasa-hard,  7=— I8OO;  No.  18, annoaledAt 350o.  l^  T=  +  I8O0. 

2p=0-082«-. 


Date. 

JTXIO" 

h. 

(^-^0X10» 

Date. 

^-XIO" 

h. 

(^-^OX10» 

July  4.  10k  35. 

10   53 

12  08 

8  07 

5   50 

(*) 
—2-707 

—2-467 
— 2«118 
—1-020 

000 
0-30 
1-56 
463 
7-40 

(*) 

—0-267 

+0-043 

0-382 

0-570 

July  10,   8*  06- 
12   08 
6   10 

0*646 
0-580 
0*643 

146-03 

3092 
3348 

11,    9*  08- 
11   84 
6   21 
0   59 

0-797 
0-821 
0-881 
0-802 

0993 
1072 

171-67 

6,    8*  39- 
11    SO 
5   43 

—1-423 
—1-318 
—1-187 

22.07 
25-40 
31-13 

1-076 
1-181 
1-312 

12,    7*  36- 
6   26 

193-03 

3  533 

0,    8^40- 
1   52 
6   15 

—0  882 
—0-773 
—0-703 

—0-455 
—0-387 
—0-295 

46  08 
5128 
64-67 

1-617 
1-728 
1-796 

13,    8«'  27- 
12   27 
6   08 

1163 
1180 
1-215 

218-10 

8-086 

7,    8"  50- 
1   26 
5    15 

74*50 

2-127 

14,    8*  53- 
12  48 
4   40 

1-299 
1-323 
1-348 

242-20 

3  823 

8,    P"  15- 
12   42 
5   47 

—0-056 

-f  0-007 

0080 

08-66 

2*513 

15,  10^  45- 
4   25 

1-446 
1-483 

26700 

3-965 

0,    8^  34- 
12   10 
5   17 

0-274 
0-321 
0-883 

122-09 

2826 

16,    O'  17- 

1566 

286-70 

4U65 

*A4jn«tedT  — 6— /. 

Table  14.— Apparatus  IV. 

£=r  310—;  I = ao» ;  A<0'2*->.  Rods:  No.  21.  glAw-hard,  7— — 180° ;  No.  22,  annealed  at  360o,  l\T=  +  I8O0 

2p= 0-082*-. 


Date. 


Jane  14,  2*  46- 

3  52 

4  22 

5  30 

6  55 

7  S3 


15.  0^  05 
tlO  00 
11  16 
1 
3 
4 
6 
6 


11 
00 
16 
42 
19 


16.  8»  02- 

0  33 

1  00 
3  20 
5   50 


17,   8*  35- 

10   30 

12  44 

3   36 

6   30 

6   45 


1«. 

8"  53- 

11 

45 

4 

40 

to 

10 

.      19 

Ok  00- 

12 

10 

2 

27 

6 

51 

20,  8k  54< 
10   50 
3   25 

7    45 


JTXIO* 


(*) 
1-165 
1-250 
1-415 
1-658 
1-632 


2198 
2-231 
2-273 
2-340 
2-400 
2-442 
2-478 
2  490 


2-802 
2-837 
2-028 
2-078 
3-028 


3-302 
3-340 
3-406 
3-465 
3-503 
3-531 


3741 
3-770 
3-829 
2-850 


4000 

4-026 

4-037 

_4^71_ 

4193 
4-211 
4-260 
4-286 


0-00 
1-12 
1-62 
2-75 
417 
6-13 


18.33 
1025 
90-52 
22-43 
24-25 
25-57 
26-05 
^K 

46-03 


7110 


0512 


118*60 


(^-^')X10« 


(*)  • 
0-025 
0-120 
0-285 
0-428 
0-502 


068 
101 
143 
210 
270 
312 
348 
360 


1-785 


2-296 


2-667 


2-904 


143  01 


Date. 


3-105 


June  21,  8k  23- 
12   15 
6   45 
T^ie 

22,  Ok  11- 
1    10 

4  13 
0   43 

23,  8^  30" 
12   43 

6^  4-2 

24,  0"  03™ 
12    40 

4    59 

25,  8k  46- 
11    39 

5  30 


iVxio* 


26, 

8k  30- 
tl    28 
6    53 

27. 

8k 

8 

53- 
07 

28, 

8k 

11 

5 

8k 

3 
5 

13- 

81 

26 

29, 

12- 

45 

53 

30, 

8k  54- 
12   27 
5   26 

July  1,      8k  48- 


4-374 

4  403 
4-447 

_4;456 

4-541 
4-558 
4-573 
4-583 

4606 
4-699 
4-732 

4829 
4-853 
4j873 

4973 
4-097 

5  044 

5-143 

5177 

J-213 

5-303 
5-350 
5-450 
5-471 
5-508 

5-595 
5-047 
5-662 


5-740 
6-757 
5-780 


5-848 


167-66 


19161 

214-22 
238-15 


261-88 

2S«r87 

'309  25 


(^__^/)Xl0» 


333  64 


359-19 


3i<2-18 


402  05 


\ 


\ 


3  200 

3  434 

3-5«l» 
37-i-J 

3  875 

4  048 

1-196 
4~346 

4-505 

"4-6*29 

5848" 


\ 


*A^aBtedT  —  b~./, 
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Figure  10  contains  a  graphic  representation  of  the  preceding  tables 
on  the  plan  already  described  (cf.  Table  8). 


Fio.  10.<— Viscous  deformation  of  steel  annealed  at  d&P,  couiparod  with  glass-hard  steel. 
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SI.  Rods  annealed  at  450^. — The  ilata  in  band  are  as  follows: 


12=217*-;    X=2e»«;    I<0-2" 


Table  15.— Apparatus  I. 

Rods:  No.  23,  glau-hard,  T=—190O;   No.  24,  annealed  at  450°,  l^ 
r=  +  180o.    2^=0082«». 


Date. 


July  21,  2^  60* 

3  17 

4  44 
6  21 
6  13 


22,  »*  40* 
11    58 

6  80 

7  10 


28,  7^  49- 
12    80 
8    81 


24,  9^  18- 
12    62 
4    10 


26,  8^  68- 

12    07 
8    42 


27,  8^  49- 
12    20 
.4    04 


28,  9^  11- 
1    07 
4    17 


^'X10» 


(*) 

3  276 
2-901 
2*306 
2-698 


1924 
1-798 
1-606 
1-552 


1-307 
1-141 
1-072 


0-769 
0-702 
0-647 


0-126 
0-081 
0  033 


-0146 
-0-193 
—0-235 


—0-423 
-0-468 
—0-508 


000 
0-45 
1-90 
2-52 
338 


17-83 
21*13 
2667 
28-33 


40-08 
46-67 
48  68 


69-91 


117-40 


141-60 


166  03 


(^_-^/)X10» 


(*) 

-0176 

4-0-198 

0-294 

0401 


1-175 
1-301 
1-493 
1-547 

1^792 
1958 
2-027 


2-393 


3*019 


3-290 


3-564 


Date. 


ivxio* 


July 

29, 

8k 

56- 

12 

36 

4 

22 

80, 

8>> 

52"' 

1 

05 

4 

07 

31. 

9" 

28* 

12 

36 

3 

55 

Aug. 

2, 

9»' 

38« 

1 

11 

4 

05 

-0*673 
-0-714 
-0-758 

-0  937 
-0-991 
-1-030 


1-210 

-1-249 

1.281 


-1-639 
-1-672 
-1  696 


3,  9"  38'- 
1     14    ' 
4     18 


t 


807 
1-826 
1-844 


4. 

1? 

31- 

4 

23 

5, 

!»■ 

36- 

5 
9» 

25 
12- 

6, 

5 

26 

7, 

9" 

15"' 

6 

41 

-1947 
-1;962 

-2  062 
2  073 

2  139 
-2-175 

2-225 
-2-268 


189-80 


(^-^')X10» 


213-85 


237*82 


286  13 
~'dW-22 


336  12 


360-67 


382  48 


40713 


8-814 


4085 


4-846 


4-768 


4-926 


5-055 


5-162 


5-257 


5-346 


♦A^Jueted  t  +  6+/. 


J{=1M";    A:=2e-;    J<0-2«. 


Tabije  16.— Apparatus  II. 

Rods:   No.  25,  glass-hard,  7=~180O;   No.  26,  annealed  at  450o,  l^ 
T=  +  180O.    2p = 0-082*-. 


Dat«. 


June  15, 12^  50- 


1 
1 
1 
1 
2 
4 

5  89 

6  17 


07 
15 
30 
45 
56 
15 


16,  7^  56- 
9    3d 

1    06 

3    17 

5    49 

17,  8^  33- 
10    26 
12    41 

8    31 

5  26 

6  44 


18,   8^  48- 

U  48 

4  88 

6  07 


10,  9h  05- 
12    10 
2    23 
5    60 


20,  8^  12- 
10    52 
3    24 
7    42 


JVXIO" 


(*) 
1-968 
2046 
2152 
2-239 
2-475 
2-648 
2*776 
2825 


3-447 
3-506 
3*632 
3-703 
3-780 

4  134 
4-191 
4-258 
4*337 
4-378 
4-410 

4666 
4-600 
4-759 
4-778 


4-953 
4-982 
4-998 
6-031 


5-170 
5-1T9 
5-282 
5-270 


0-00 
0-28 
042 
067 
0-92 
2-08 
8-42 
4-82 
5-46 


19-10 
20-67 
24.27 
26-45 
_28-98 

49-06' 


72-98 


96-53 


120-71 


(«fr— 4»0X10» 


(♦) 

-0-282 

-0-204 

-0-098 

—0-011 

+0  2-25 

0-398 

0-526 

0-575 

1  197 
1-256 
1-382 
1-453 
1-530 

2~035 


2-471 


2-741 


2-963 


Date. 


I  Jane21,  8o  20- 
i  12    16 

t5    40 
7    19 


•22,   9*-  08'" 
1    16 
4    10 
6    40 

23,   8»  27- 
12    40 
5    41 

24.   9^  00" 
12    37 
4    55 

25,   S"  42" 
11    36 
5    28 

26,   8"  27" 
12    05 
6    05 

27,   8"  51- 
3    02 

28,   8"  08- 
11    29 
5    24 

29,  8^ 
3 
5 

30,  8* 
12 

5 


July    1,   S"* 


09- 

43 

60 

52- 

29 

24 

39- 


j\rxio» 


5364 
5-401 
5-466 
6-478 


145-65 


(♦-^')X10» 


3-177 


*-673 
5-597 
6-617 
5-632 

169-47 

5-717 
5-748 
5-781 

192-10 

5-880 
5909 
5-941 

21601 

6045 
6068 
6111 

239  76 

• 

3-355 

3-499 

3-660 

6-206 
6-227 
6^2«3^ 

6-367 
^4W 

6-516 

6-6-35 

Ji;678 

6-662 
6714 
6728 

6-811' 

6-825 

6-845 

6910 


otu-i 


64  29 


3-820 

3^«r 


287-11 


311-51 


337-07 
35<rCW 


\ 


\ 


^^'«L 


4-140 


4*326 


4451 


\ 


4  577 


v^m;^ 


\ 


*AdUaBted,  r—b—/. 


t  B«aii^\iftX«Qu 
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The  resalts  of  these  tables  are  given  in  the  Chart  Fig.  11  on  the  plan 
already  clearly  indicated.  The  ordinates  increase  in  the  order  of  greater 
viscosity. 
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8S.  Soft  rods. — The  data  in  hand  are  as  follows : 

Tablk  17.— Apparatus  I. 

»=27»;  J{=202».    lUida:   No.  S3,  steel  glfM-hanl;  2p=0  082»;  r=:— 180°;    No.  51,  steel  drawn; 

2p=0  082« ;  T=  + 180°. 


Date. 

h 

j\rxio» 

A. 

(^-♦OXIO" 

Remarks. 

Sept  28,  2^  00- 
2    10 
2    80 
8    86 
8    00 
29.10    18 

000 
017 
0-50 
160 
6  00 
20-30 

• 

0  00 
017 
0-50 
1*60 
600 
20-30 

Adjusted. 

0-780 

0'G61 

0  486 

+0-171 

-0-206 

—0-239 
—0-111 
+0064 
+0-370 
+0-756 

Tablk  18.— Appakatus  1. 

«=215F» ;  fc=27— ;  X<0-a««».   Bods :  No. 27, glsss-hanl, T= — 180° ;  No. 28. soft, T=  +  ISO®.   2p=  0082. 


Dsie. 


JiuM   9,  2^  80" 

8  10 

8  18 

8  21 

3  47 

4  00 
4  10 
4  82 
6  15 
6  85 
6  00 
6  15 


to,  8»  50- 

0  85 

9  56 

10  15 
19  45 

11  20 
.     11  45 

12  17 


10,  1*  30- 
2    16 


8 

4 
4 
6 
6 


05 
00 
40 
25 
25 


t7  40 
8  05 
8    20 


11.  8^  06- 

9  28 

10  Si 

10  45 

11  45 

12  11 
2  80 
8  48 

4  60 

5  50 
7  00 
7  85 


12,  6k  87- 

9  25 

10  10 

1  05 

8  65 

4  58 

5  60 
8  80 


18,  ^r4o- 

19  15 

12  06 

1  25 

8  16 

5  97 

6  80 

7  80 


JTXIO" 


r) 

1*652 
1-677 
1-730 
1-860 
1*910 
1-940 
2*004 
2-102 
2140 
2-185 
2-210 


2-938 
2iM4 
8-978 
2085 
8-002 
8-023 
8-038 
8*056 


8100 
3-188 
3153 
3191 
3*214 
8-238 
3-265 
8-287 
8-296 
3-304 


3-512 

3-r.7l 

3-588 
8a08 
8-617 
8-628 
3-680 
8-709 
8-733 
8-753 
8-777 
8*787 


8-989 
4005 
4017 
4  076 
4-108 
4146 
4*162 
4*202 


4  376 
4*40.1 
4*436 
4-458 
4*485 
4-617 
4*545 
4-556 


0-00 
0*67 
0-71 
985 
1-28 
1-50 
1-67 
2-03 
2-75 
3-08 
3*60 
8*75 


2009 


26  64 


47-34 


71-44 


95-89 


(«-^)XlO» 


—0118 

—0093 

—0040 

+0*090 

0-140 

0170 

0-234 

0*332 

1 0-870 

0*415 

0-440 


1-227 


1-448 


1-895 


2*818 


2-702 


Date. 


June  14,  9^  04* 
10    30 


1 
2 


00 
00 


8    50 
5    27 


6 

7 


52 
50 


15,  9^  00- 

10  00 

11  15 

1  05 

2  55 

4  15 

5  88 

6  15 


16,  7^  58" 
9    30 
1    05 
3    15 
5    48 


17,  »  30" 

10    26 

12    40 

3    30 

5    27 

7    43 


18. 

8" 

46- 

11 

43 

4 

37 

6 

08 

19, 

9» 

04- 

12 

09 

5 

50 

•20, 

8* 

50- 

10 

50 

3 

23 

7 

8» 

40 

21. 

20- 

12 

15 

5 

38 

7 

19 

22. 

9k 

07- 

1 

16 

4 

09 

6 

40 

23,  8k  28" 
12    40 
5    40 


JTXIO* 


4-736 
4-707 
4-796 
4-813 
4-836 
4-853 
4-866 
4;873 
990 
•998 
015 
037 
060 
071 
082 


4 
4 
5 
5 
5 
5 
5 
5-086 


6-205 
5-223 
5-265 
5-285 
5310 


5455 
5-485 
5-520 
5-550 
5-670 
5-590 


5-705 
6  720 
5*760 
57J6 

5-8tt0 
5800 
5-915 

G'OlO 
6-023 

«or>5 

6-080 


6140 
6-100 

6  200 
6-210 


6270 
6-290 
6-305 

A? 'A 
6  375 
6  405 
6430 


120  33 


143-30 


10G22 


101-54 


215-31 

2:jh  r.'j 

263  18 

•287 -SM 

31160 

334*44 


(i>-^')X10» 


3*046 


8-2T2 


3*488 


3-758 


3*970 

4-125 

• 

4-272 

4-408 


4*525 


4  633 


\ 


*A4Jna1efl  r-h-f. 


1Kead^\ste«L 
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Table  19.— Apparatus  II. 

iZ=202<-;  I-'-28»>;    A  <0'2**.    Rods:   No.  29,  gloss-hartl,    7=  — I8OO;  No,  30,  oommerelAl,  drawn, 

r=+180o.    2p=0-O82«». 


Date. 

^-xio* 

*o     , 

(*-^0Xl0» 

Date. 

yxio" 

ft* 

(♦-♦')X10» 

July  21, 10*  45- 

11  60 

12  18 

2  03 

3  52 
6   22 

2-263 
2-206 
2  045 
1-926 
1-847 

0.00 
1-08 
1-56 
3-30 
5-12 
6  62 

(*) 
0000 
0  057 
0-218 
0337 
0416 

July  29,    8*  56" 
12   39 
4   23 

-0*709 
—0-749 
—0788 

193  00 

8*012 

30,    S^*  54- 
1    06 
4    07 

—0-957 
—1*010 
—1-050 

21796 

8-269 

22,   hi*  40- 
11    58 
5    31 
7    44 

1-416 
1-341 
1-217 

l-lh7 

21-92 
25-22 
30-77 
32-98 

U-847 
0-922 
1-046 
1-076 

31,  9*   42- 
12    37 

3  67 

Aug.    2,   9>>  39- 
1    12 

4  06 

—1-230 
—1-263 
—1-297 

242-01 

8*526 

— 1-C44 
-1677 
—1-693 

290-23 

d-934 

23,   7"  50- 
12    32 
3    33 

0  9f'4 
O8DO 
0-851 

45  U8 
4978 
52  80 

J -279 
1-367 
1-412 

3,   9*  40- 
1    15 
4    19 

—1-780 
-1*784 
—1-793 

314-38 

4048 

• 

24,  O""  16- 
12   63 
4    12 

0-624 
0-499 
0-I5G 

74.08 

1-737 

4,    P32- 
4    24 

-1-872 
-1-880 

84022 

4-130 

26,  8^  55- 
12   U8 

3  47 

27,  8««  51- 
12   27 

4  05 

—0  025 

— o-ou 

— 0-U51 

121-53 

2292 

6,  1^  37- 
5    25 

—1  905 
—1  982 

904-77 

4*237 

—0-211 
—0-255 
-0*293 

14571 

2-516 

6,   9»'  I3'» 
5    27 

-2-044 
—2-078 

386  59 

4-324 

7,   9M7- 
6   42 

— 2-i:w 

—2  165 

411*24 

4*412 

28,   9"  20- 
1    09 
4    18 

— 0.487 
-4)-517 
—0-550 

170-18 

a-781 

• 

*A4Ju8ted,r  +  »+/. 


Table  20.— Apparatus  III. 

/2  =  370«-{  I=27<'-;  A<0*2».    Hods:  No.  81,  glasahard,  7=  — I8OO;  No.  32,  oonimeroial,  loftoiied, 

r=  +  lSOo.  2p  =  b082«-. 


Date. 

^-XIO" 

ft. 

(i^-^0X10« 

Date. 

JVXIO" 

ft. 

(^-^)X10«| 

July  22,    O^OO- 
9    08 

11  59 

6  32 

7  11 

•23,   7"  52- 

12  35 
3    25 

(*) 
0-949 
0-331 
0  099 
—0-193 

0-00 
013 
2-98 
8-53 
10-18 

22-87 
27-58 
30-42 

(*) 
—0-249 

+0  368 

0-600 

0-893 

July  27,    8"  54- 
12    30 
4   08 

—2-305 
—2-356 
—2-404 

123-51 

3*055 

28,    9»  26- 
1    11 
4    '20 

—2*612 
—2-658 
—2-695 

14708 

8*855 

—0-643 
—0-794 
—0-880 

1-343 
1-494 
1*680 

29,   8««  59- 
12    42 
4    28 

—2-875 
—2  923 
—2-974 

171*72 

3-024 

24,   Oh  21'" 
12    57 
4    16 

—  1-246 
—1-320 
—1-384 

48-35 
51  95 
55  27 

99  31 

> 

1-946 
2*020 
2-084 

30,   8^  57- 
1    10 
4    17 

—3160 
—3*217 
—8-261 

195*80 

8*013 

— — , 

26,   8^  57- 
12    10 
3    49 

—1-993 

-2*050 

2-105 

2-749 

*  Actuated  T-f  ft +/. 
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Tablk  21.— Apparatus  IV. 


Jl=314«;   l=:27»;   X<0-2«. 


Bods:    No.  33,  glasfi-han],    r==— 180O;   No.  34,  annealed  at  1000^, 
T=  +  180o.    2p=0*082«. 


Date. 

yxio* 

K 

(0— ♦OXIO* 

Date. 

Nxi(fl 

Ao 

(^-^0X103 

July  21.    4»  15" 
4   43 
6   28 
6   45 

6   12 

1-249 
1*089 
1022 
0-957 

0-00 
0-47 
113 
1*60 
1*95 

(*) 

—0  149 

+0010 

0*077 

0  142 

July  20.    9*  02- 
12   45 
4   31 

—2  324 

— 2-:>G7 
—2  409 

—2  5W 
—2  fl;J3 
—2-073 

180-18 

8*4C7 

30,«fc    00- 
1    13 
4    22 

212  61 

3*730 

22,   8*  42- 
12   00 

6  33 

7  12 

0*162 

0042 

-4)-2i-iO 

—0185 

1U45 
19*75 
25*30 
26*95 

0  037 
1057 
1*249 
1-284 

81,  0-  52- 
12   41 
4    01 

—2  850 
—2  882 
-2912 

236  61 

3-932 

23,  7*  53- 
12   36 

3  36 

24,  9^  23- 
12   69 

4  19 

—0-448 
—0*559 
— 0-6J8 

39*63 
44-35 
47-35 

1-547 
1-658 
1-727 

Aug.   2, 10^  U2- 
1   24 
4    10 

-3-2G4 
— 3-J91 
—8-312 

284-95 

4*389 

—0-924 
—0-986 
-1*038 

68-64 

2082 

8,   9*  47- 
1    22 
4   24 

—3-423 
—3- 136 
— 3  U2 

308-03 

4-534 

26,   9^  05- 
12    14 
8    52 

—1-540 
— 1-581 
—1*633 

11614 

2*685 

4,    l"*  38- 
4   26 

—3-548 
—3  500 

— 3  6(i0 
—3-675 

334-78 

4654 

6,    1*  40- 
6   27 

850-31 

4-768 

27,    9»03- 
12   34 
4    10 

—1-807 
—1-851 
— 1->'95 

140-35 

2051 

6,   9fc  14- 
5   28 

—3  733 
—8-777 

381.10 

4  855 

28^   9*  *J9- 
1    16 
4   23 

—2-081 
—2*125 
—2-159 

164-70 

8*222 

7,  Ok   22- 
6   43 

—8-829 
—8*863 

406-80 

4046 

▲diiutod,r+»+/. 
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Tbe  results  of  these  tables  are  given  in  Fig.  12  on  the  plan  already 
indicat,ed.  The  observed  differences  are  probably  more  largely  due  to 
the  glass-hard  wires  than  to  the  soft  wires  of  the  twisted  system.  To 
compare  soft  wires  these  mnst  be  specially  conntertwisted  so  as  to  secure 
greater  accuracy  of  measurement 


Fio.  12. — ViacoiiB  defonn«tioii  of  steel  annealed  at  1,000*'  ("  loft")  oompared  with  glass-hard  steel. 


RKMARKS  ON  THE  TABLES. 

23.  In  experimenting  with  couples  of  two  glass-hard  wires,  or  with 
couples  in  which  one  of  the  wires  is  annealed  at  100^,  the  decree  uf 
hardness  of  the  harder  wire  is  an  exceedingly  important  factor.  Heuce 
these  curves  (Tables  3,  4,  5,  6,  7,  8)  appear  under  a  variety  of  forms. 
Only  Tables  4,  6,  7,  8  are  used  in  the  digest  constructed  below.  The 
results  in  Tables  15,  19,  21  change  their  curvature  after  August  1. 


BABoa.)  REMARKS   ON   THE    TABLES.  29 

Since  the  same  error  is  foiiDil  in  all  the  wires  then  dxaunaed  it  is  proba- 
bly a  result  of  temperature.  When  minutely  traced  (ci'.  Table  18,  for 
instance),  the  curves  show  a  sinuous  outline  which  is  quite  marked 
and  probably  also  due  to  temperature  or  to  tremors.  If  the  curves  for 
stated  temperatures  and  times  of  annealing  fail  to  coincide,  it  is  due  to 
differences  in  the  tempers  of  the  glass-hard  wires,  to  similar  differences 
in  the  tempers  of  the  annealed  wires,  to  preexisting  strains  accident- 
ally imparted  to  one  wire  or  the  other,  to  lack  of  perfect  uniformity  of 
temper  throughout  the  efficient  lengths,  to  unavoidable  inequalities  of 
the  sectional  areas  of  the  pairs  of  wires.  The  last-named  error  probably 
also  affects  the  curvature.  Viscous  rotation  of  the  arms  which  carry  the 
mirrors,  or  yielding  of  the  cement,  is  nil  and  is  not  to  be  apprehended, 
since  the  fixed  mirror  is  a  fiducial  mark  for  the  movable  mirror.  In  the 
above  work  we  do  not  indicate  the  amount  of  permanent  torsion  left  in 
each  wire  after  the  experiment  is  finished.  Though  an  important  desid- 
eratum, it  does  not  fall  within  the  scope  of  this  chapter  but  will  be 
given  in  Chapter  III  in  connection  with  other  work  there  discussed. 
The  effect  of  temperature  on  twisted  systems  of  pairs  of  identical  steel 
wires  we  investigate  in  Chapter  II,  and  then  discuss  the  amount  of 
detorsiou  due  to  annealing  at  stated  temperatures  and  times.  The  soft 
ends  introduce  no  serious  error  because  soft  steel  is  more  viscous  than 
hard  steel.  The  amount  of  twist  registered  is  that  between  the  upper 
and  lower  points  of  attachment.  The  included  wires  must  be  of  uniform 
hardness. 

The  fact  that  an  efiect  of  the  bifilar  and  flexural  components  is  wholly 
absent  in  these  results  is  proved  by  Table  11,  in  which  the  curve  for 
^+^+y  is  followed  without  break  of  continuity  by  the  curve  r— ft— /, 
and  the  total  curve  is  practically  identical  with  the  locus  for  Table  10. 
It  is  proved,  moreover,  by  Tables  1,  2,  in  which  couples  of  glass-hard 
wires  show  no  greater  difference  than  is  at  once  attributable  to  unavoid- 
able differences  of  hardness;  and  by  Table  30  below,  in  which  r+b+f 
and  r— 6— /produce  practically  identical  zero  effects  on  two  soft  wires. 
It  is  generally  proved  by  the  distribution  of  the  50  rods  examined  in  a 
diagram  of  viscosity  conformably  with  the  respective  tempers  of  the 
rods.  If  a  couple  of  one  hard  and  one  soft  rod  possessed  a  smaller  total 
of  viscosity  than  a  couple  of  two  hard  rods,  then  the  bifilar  and  fiexural 
couples  might  produce  an  effect  in  the  former  case  and  not  in  the  latter. 
The  absence  of  all  effect  in  the  case  of  two  soft  rods  as  well  as  in  the 
case  of  two  hard  rods  shows  that  the  discrepancy  in  question  is  nil. 
The  important  bearing  of  this  result  will  be  indicated  below. 

MIBCBLLAIOBOUS  EXPBRIMBNTS. 

84.  Olass  fibers. — In  Tables  22,  23  we  cite  the  results  obtained  when 
one  of  the  steel  rods  is  replaced  by  a  fiber  of  glass.  The  mean  thickness 
or  the  diameter  2/9,  of  glass  was  intended  to  be  that  of  the  steel  rod  2p^-^ 
bat  it  is  smaller  in  Table  22  and  considerably  larget  VxiToXAi^^*   \\\^ 
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impossible  to  stove  d  greater  total  torsiou  tlian  Ti— (— 2a)=90<^  iu  tbe 
given  system,  without  breaking  the  glass  fiber.  The  equality  of  T]  and 
T2  is  assumed  merely  for  convenieuce  in  designation  (cf.  pp.  12,  40).  In 
Table  23,  moreover,  the  glass-hard  rod  used  during  the  first  half  of  the 
experiment  is  replaced  by  an  annealed  rod  in  the  second  half,  leaving 
tbe  glass  fiber  unaltered.  The  suspension  here  is  practically  uni filar, 
since  it  is  nearly  impossible  mechanically  to  clutch  the  glass  fiber  with- 
out breaking  it. 


Je  =  215«-;  1  =  27";  X<0-2»« 


Tablb  22.— Apparatus  I. 

Bods :  Ko.  8f ,  ghMB-haxd  steel,  7i  =  +  45o ;  No.  a.  glana  fiber.  T, = — 45o ; 
^  =  0*088»;  fy= 0-070*". 


Dftte. 

^'xlo» 

^> 

Jane  29,  3^  20- 

3  42 

4  20 

5  80 

6  51 

—0-129 
-0-JOl 
—0-052 
—0-031 

000 
0.87 
100 
217 
2-62 

30,  S"  50- 
12   23 
1   67 
5   22 

+0  351 
0.413 
0.440 
0-486 

17-60 
2105 
22-62 
2603 

July    1,  8^  87- 
2   12 

4  36 

5  87 

6  57 

0  653 
0-706 
0-732 
0-741 
0-753 

41-28 
46  87 
4927 
60  28 
5102 

6598 
70-42 
73  82 

2,  9"  19- 
1   46 
5   09 

0  854 
0-879 
0-809 

(♦-^)X10« 


(*) 

—6*028 

^0*000 

+0049 

0-070 


0-452 
0*514 
0641 
0-587 


0-763 
0-807 
0*833 
0-842 
0-854 


0  955 
0-980 
1-000 


Date. 


July 

8. 

8^17- 

12 

12 

6 

27 

4, 

9^45- 

12 

09 

3 

06 

'67 

6 

69 

9^  39'« 

12 

(H) 

4 

43 

e, 

8*  40- 

1 

62 

5 

16 

7,   8^49- 
1   27 


2VX10» 


0-974 
0-091 
lj02C 

1-098" 
1-109 
1*110 
1145^ 

1-213 
1-228 
lj257 

1-318 
1-339 
1-355 


1-4-JO 
1*443 


88-95 
9-2  87 
99-12 

114  42 
116-82 
llU-77 
12205 


(^-^')X10» 


1075 
1092 
1127 


138-32 
140-67 
145-38 


161-33 
166  53 
169-92 


185  48 
190-12 


1-109 
1-210 
1J17 
1-210 


1  314 
1-3-20 
1  358 

1  419 
1*440 
1456 


15^21 
1-444 


*  Adjusted. 


Table  23.— Apparatus  I. 


U=223«;    1=28^. 


Bods:   Ko.  86^  glass-hard  steel,  7i  =  +  45°;   No.  6,  glass  fiber,   T^ 
2p»  =  0*082«;  0-085«-<2py<0*120«-. 


=— 450; 


Date. 


July    7, 

4^  16- 

4 

26 

4 

38 

5 

16 

8, 

9''14- 

12 

41 

4 

07 

5 

47 

9, 

8h  33« 

12 

10 

6 

16 

10, 

8»'  04- 

12 

OR 

6 

18 

1  L,  9"  07* 
11    23 

5  21 

6  60 


NXW 


(*) 

0-00 

2-905 

0*18 

2-934 

0-38 

2-865 

100 

2-823 

16  98 

2  841 

20*43 

2-P58 

23*87 

2-863 

25-53 

2-912 

40  30 

2-928 

43  92 

2-940 

4902 

2  983 

63-82 

2906 

67-88 

3-010 

7306 

3*053 
8-058 
8077 
8*081 


88-87 
91-18 
97-10 
08*78 


(^-^')X10» 


(*) 

—0130 
—0-069 
±0-000 


+0-042 
0024 
0-007 
0-002 


—0  047 
—0-063 
-0  076 


—0-118 
—0131 
—0145 


—0-188 
—0  193 
—0*212 
—0-216 


Date. 

irxiv 

^> 

July  12,  7»  36- 

3-100 

111-33 

(♦-^)X10« 


-4-285 


61  ass-hard  rod  replaced  by  soft  steel  rod,  via:  Ka 
42,  annealed,  450©,  1*.  T,  ---  4-45°,  2p  =  0-082"'. 


July  12,   9h  39- 
0   49 
10   64 
5   25 


13,  8*  26- 
12   27 
6   06 

14,   8k  60- 
12   48 
4   40 

16, 10*  45- 
4   2S 

16,  0»  16- 
1   42 
6   54 


(*) 

1-358 
1331 
1-303 

0-00 
017 
1-26 
7-77 

1-278 
1270 
1270 

•22-78 
26-80 
31*45 

1-258 
1-258 
1-255 

47-18 
51-15 
55-02 

1-245 
1-245 

Td-lO 
78*77 

1-237 
1-237 
1236 

06-62 
100-05 
104-26 

(*) 

— 0O23 

+0  004 

0  032 


0067 
0*065 
0-065 


0  077 
0077 
0-080 


0090 
0090 


0-098 
0098 
0-000 


*  Adjusted. 
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The  resalts  obtained  with  glass  are  given  in  Fig.  13.  The  thinner 
glass  fiber  is  aniformly  less  visoons  than  steel.  The  thicker  fiber  lies 
between  hard  steel  and  soft  steel  in  viscosity.  Bat  the  occurrence  ot 
the  maximum  is  noteworthy.  Glass  is  here  initially  more  and  ulti- 
mately less  visooQS  than  hard  steel. 


Flo.  18.— ViMOUB  deformation  of  steel  m  ooHpand  wfth  glass. 

S5.  Iron,  soft  and  drawn. — Tables  24,  25,  26,  27,  contain  a  part  of  our 
results  in  which  one  steel  wire  is  replaced  by  a  wire  of  wrought  iron, 
annealed  or  drawn  as  specified.  That  the  amounts  of  torsion  are  equal 
in  angle  (T)  is  again  assumed  for  convenience  of  designation  only.  p.  is 
the  radius  of  steel,  p^  of  the  iron  wire.  The  applied  conple  twists  soft 
iron  beyond  the  limits  of  elasticity  and  the  amount  of  instantaneous 
detorsion  is  here  probably  as  large  as  ^(Ti+Ts).  In  case  of  steel 
instantaneous  detorsion  is  nearly  zero. 


IK  =5  228* 


Tablk  34.— Apparatus  I. 

;  l=20>- ;  X  <  0-2>-.    Sods :  No.  37,  steel,  anneiJed  at  450o,  1\  T=+ 180° :  Na  «,  wrought  ikon, 

drawn,  T=  —  ISO©.    2pa=:0'082»  %  ^srO-OO*. 


Date. 

2fX10» 

*• 

(♦-*0X10« 

Date. 

JTXIO* 

ft* 

(♦-^')X10> 

July  17.  4k  20- 
4   28 

4    27 

4  51 

5  10 
•    01 

1056 
2032 
2118 
2*285 
2-842 
2*882 

0-20 
0-25 
082 
0-72 
1*20 
1-88 

—0-387 
—0-310 
-0-229 
-0  057 
i:0-000 
+0-020 

Jnly  18,  8  W" 
2    24 

2-177 
2-128 

16-32 
22-27 

—0165  i 
-0-220 

19.0*  87- 
12    19 
5    10 

2-032 
2025 
2-014 

41-48 
4418 
4903 

64-35 
7162 

— 0-3JO 
—0317 
-0-328 

20,  8k  20- 
8    45 

1-964 
1-977 

—0-358 
-0*364 

*A4|iutedr~»~/. 
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R  =217"";  l=27»«;  A<0-2«-. 


Tablb  20.— Apparaius  L 

RodH :  No.  49,  fi:]a88-hard,  2*= — 18IK> ;  2p = O*0eS«* ;  Ka  A,  wroaght  iron, 
drawn,  T=+180O;  2^=0'080». 


Pate. 

h 

i^X10» 

K 

(♦-«')X10«, 

Bemarlis. 

Ang.  31,   5*  45" 

5  55 

6  30 

000 
017 
075 

000 
017 
0-76 

Acynfltod,T+6+/. 

0-967 
0'785 

-0-267 
-0085 

Sept  1,  s*  se- 

1    00 
6    12 

2.   9^  05- 
5    84 

15-22 
19-25 
24-45 

39-33 
47-82 

+0-017 
—0  072 
—0160 

1522 
19-25 
24-45 

+0-683 
0-772 
0860 

—0-376 
—0-470 

89-38 
47-82 

1076 
1-170 

3,10*  02- 
7    55 

64-28 
7417 

-0-626 
—0-713 

69-23 

• 

1-370 

4,   9^  02- 
7    40 

87-28 
97  92 

—0  805 
—0  878 

92-60 

V-M2" 

5,   9*  50- 
6    30 

112-08 
120-75 

-0-070 
—1-032 

116-42 

1-701 

6,   9*  05- 

135-33 

—1-124 

185-83 

1-8^ 

Untwisted. 

Table  26.— Apparatus  II. 

i2==200<» ;  {  -  27<- ;  A<0  2".    Rods:  l)o.  38,  stoel,  annealed  at  450o,  1^,  T=  +  180o ;  No.  d.  wroaght  iron, 

soft,  r=  — 180O.    apt  =  0-0«2«-;  2^=0-1 12-. 


Date. 

2VX10" 

h. 

(«-♦')  X 10* 

Date. 

ifXlO" 

ft* 

(♦-♦')  X10« 

Jnlr  16,  9*  40- 

9    48 

11    14 

1    48 

5    47 

(*) 

0-714 

0-745 

0758 

0-750 

0-00 
0-13 
1-57 
4-13 
8-23 

{*) 

—0028 

+0005 

0H)18 

0-010 

July  18,  8*  88^ 
2    86 

0.146 
0151 

1612 
2115 

(0153) 
(0  148) 

19,  9*  38- 
12    20 
6    10 

0-128 
0-119 
0110 

(40-20) 
(42-PO) 
(47-73) 

(0171) 
(0-180) 
(0-189) 

17,  8*  47- 

0  731 

2312 

—0-009 

20,  8««  28- 
8    44 

0082 
0  064 

(63  08) 
(70-82) 

(0  217) 
(0235) 

Thick  iron  wire  replaced  by  thin  M  ire.  Rod  No. 
9,wroa«btiron,8ofl;  r=— l80O;  2p=0  083«. 

17,  5»  26- 
5    30 

5  36 

6  00 

0-755 
0-745 
0  786 
0-718 

tO-00 
007 
017 
0-57 

-0-01* 
—0-009 
±0000 
+0-018 

*  Accident;  new  a^astment;  data  otherwise  good,  bat  distingiilshed  by  parents 
tAdjostedr-l-/. 
t  Adyasted  r+{+/,  bat  the  time  not  accoiately  noted. 

Table  27.— Apparatus  II. 

B=202"-;  l=28-»;  A<0.2".    Rods:  No.  60,  annealed  at  350o,  i*^  !r=+l80O;  No.  ifc,  wrooght  Iron,  drawn, 

r=_180o.    2pf=0'684« ;  2^.=0-082«'. 


Date. 

JVXIO* 

ho 

(^_^/)X10* 

Date. 

^'xlo» 

ft* 

(♦-♦OXWF 

Ang.  23,  2»  00- 
2    13 

2  20 

3  11 
5    37 
7    11 

(•) 

2-062 

1-914 

1-699 

1-417 

1-392 

0-00 
0-22 
0-33 
1-18 
862 
518 

—0-462 

—0-314 

+0001 

0-183 

0-208 

Aag.27,  9»  10- 
7    86 

1-483 
1-490 

96-38 

0-114 

28,  9^  21- 
6    66 

1-492 
1-494 

12018 

0-107 

29,  lO"  U- 
6    17 

1600 
1-601 

144-28 

••100 

24,  9"  17- 
5    13 

1-385 
1-411 

19-28 
27-22 

0-216 
0189 

30,   9«i  11- 

1-505 

16318 

0-005 

25,  9*  05- 
7    00 

1-435 
1-448 

43  08 
5302 

0  165 
0-152 

31,   1^  19- 
6    00 

1-515 
1-515 

193-66 

0-066 

Sept.  1,  9*  10- 

1-517 

211-82 

0088 

26,  0»  10- 
4    08 

1-460 
1-469 

70  65 

0-135 

2,   9^  05- 
1    30 

1-524 
1-528 

287-29 

0-074 

*A4Ja8tedr+l+/. 
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Figure  14  contaius  the  resalts  Qf  Tables  24, 25, 26  and  27.  Iftiti  ^ttxti 
'of  ordinate  and  ^wist  agree  for  the  wire  of  greater  viscosity.  The 
iphenomeDa  are  here  of  a  complicated  kind,  showing  that  viscous  motion 
in  iron  and  steel  is  not  similar.  The  sharp  maximnm  of  Table  24  is 
specially  noteworthy;  as  is  also  tlie  less  pronounced  maximum  of  Table 
27— both  of  which  hold  fo^r^tawn  iron.  A  maximum  is  also  apparent 
in  the  thick,  soft  wire  o^f  ^ble  26;  whereas  the  thin,  soft  wire  of  this 
table  and  t4ie  ^soft  mAve  4if\)u  of  Table  25  show  no  retrogression. 


Fio.  14.— Viscoos  dBfiimuitioii  of  steel  compared  with  iron,  soft  and  dnwB. 


Other  allied  data  are  as  follows : 


Table  28.— Apparatus  I. 


Bs20C<*;  i=r27*";  fiods:  No.  55,  steel,  snueAled  ftt  450o,  a^  =  0'082~4  T  positive:  No.  m  intmght 

iron,  sofU  2p=0*080«*>;  7  negative. 


Dste. 

h 

JTXIO* 

h. 

10» 

Date. 

K 

iVXlO* 

Ao 

(^■)x 

Sept   6,  0^  80» 
9  42 
1    52 
J   67 

7   12 

000 
020 
0-37 
4*46 
9-70 

'  0-266 
0223 
••307 
0-313 

0-00 
0-20 
0-37 
4-45 
9-70 

Sept.  9,  IG^  05- 
6   30 

72-58 
8100 

0*535 
0-680 

0<G6l 
0'fl78 

Ta'70 

0<307 

—0-050 
—0-027 
+0-057 
+0083 

10,  8*  82« 
8   00 

102-03 
106-50 

119-5.) 
130'42 

104-20 

0-421 

11,   9*  03" 
7   55 

0-721 
0-735 

rJ4-99 

0-478 

7,  9»  11» 
0   11 

23.68 
32-68 

0-375 
0397 

23  68 
8268 

63-70 

0  125 
0147 

12,   9^  43- 
5   10 

144-2-2 
151-67 

0-761 
0761 

147-ft5 

0-506 

N10*4:'* 
7   42 

49-20 
58-20 

0-444 
0-478 

0-211 

Bull,  7* 
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J2=200«-;  «=27*" 


Tablk  29.— Apparatus  II. 

Bods :  Ko.  56,  steel,  aDoealed  at  iSV>  i  2f>  =  0-9S2-* ;  No.  n,  iron,  soft ;  Tip = 0-083~ ; 

n  =  +  90O;  r<=r— 90O. 


Date. 


Sept.  6, 10b  00- 
10   12 
1    57 
7    12 

7,   Qb  11- 
6    11 

8, 10b  42« 
7    42 

9, 10b  05- 
6    30 

10,   3b  32- 
8   00 

11,   9b  03- 
7   65 

V£,  9b  43" 
5   10 


0-00 
0-20 
3-95 
9-20 


23-22 
32-22 


48-70 
57-70 


72-08 
80-50 


101-53 
106-00 

119-05 
129-92 


143-72 
15117 


iVXl0» 


2-672 
2-118 
2-128 

2-163 
2-205 


2-307 
2-371 


2-477 
2-539 


2-685 
2-715 


2-807 
2-885 


2*938 
2-980 


000 
020 
3-95 
9-20 


23-22 
32-22 


53-20 


76-29 


103-77 


124*48 


147-45 


10» 


--0'008 
+0-038 
+0-048 


0-083 
^.125 

0-259' 


0-42b 


0-620 


0.760 


0-879 


Date. 


13, 10b  20- 
9   10 


14, 

9b  00- 
7    14 

191-00 
201-23 

15, 

9b  00- 
7   24 

215*00 
225*40 

J6, 

9^34- 
7   01 

239*57 
249-12 

17, 

9b  20- 
7   00 

263-33 
273*00 

18, 

9b  10- 
9   08 

287-17 
299*13 

19.  lib  55). 

20.  9  0« 

21.  9   22 
28,  2   33 


168*83 
179*17 


313*92 
335*10 
359*37 
532-65 


iirxi9» 


3-067 
3*  J 16 


3*153 
8*184 


8-225 
3-2U 


3*280 
8-307 


3*347 
8*379 


8-415 
3-451 

3-401' 
3-541 
3-550 
3-767 


173*75 


196*12 


220*20 


244*35 


268' 16 


293*15 


313*92 
885*10 
359-37 
532*55 


(♦-4')X 
10» 


1012 


1-080 


1*155 


1-213 


1*283 


1-853 


1-4U 
1*461 
1-479 
1*687 


PermaDcnt  set  IBXP  in  iron. 


Tablb  30.— Appabatus  III. 


ie=r870"i  l=20»i  A<0*2».    Bods:  Ko.  51,  soft,  r=— 180O;  No.  62,  annealed  at  4SV>;  r=  +  180o. 

^  =  0*082». 


Date. 

NXW 

•      *• 

(♦-*')  X10» 

Date. 

NXW 

At 

(♦-♦OXIO* 

Ang.  20, 12b  86- 
12  50 
6   44 

(*) 

0-291 

0-306 

0*00 
0-25 
6-15 

—0-004 
+0-011 

Ang.  25.  9b  05- 
7   01 

0*581 
0-568 

92-80 

0*027 

26,  9b  10- 

4   08 

0*568         116-40 
0-556 

0*014 

21,   9b  07- 
5   00 

0-314 
0-311 

20-53 
28-42 

0-019 
0-016 

27,   9b  10- 
7   36 

0-548 
0-530 

144-18 

-0-009 

21,   5b  16- 
5   25 
7   08 

(t) 

0-546 

0-551 

0-00 
016 
1-88 

(t) 

—0002 
+0*003 

28,   9   20- 
6   55 

0-530 
0-520 

164-87 

-0*028 

22,   9b  67- 
6    54 

0-556 
0-661 

16-70 
25-65 

0008 
0-013 

29, 10b  1-2 
6    17 

0.515 
0-507 

188-99 

-4>*037 

23.   9b  08- 
5   37 

0-561 
0-561 

39-88 
48-36 

0*013 
0*013 

80,   9b  11- 

0-505 

207-93 

-0043 

24,  9b  18- 
6    13 

0-581 
0-581 

.      6800 

0-033 

*A4Jastedr  — ft— /. 


fBeacUnstedr  +  ft+Z. 


Table  30  shows  very  clearly,  the  relatively  iusignificant  difference 
which  exists  between  steel  annealed  at  450^  and  soft  steel,  so  far  as 
viscosity  is  concperned.    This  difference  is  less  than  that  between  stee^ 
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aud  iron,  as  well  as  differeut  in  character.  The  results  of  Tables  28, 
29,  30  containing  farther  indication  of  the  behavior  of  soft  metal  are 
given  in  Fig.  15. 


Tabled  *9. 


TtMe  ^. 


2C0 


3(0 


y^ 


Fig.  15.— ViMooB  deformation  of  steel  compared  with  iron. 

For  the  purpose  of  further  fixing  the  ideas  1  add  some  data  with 
other  metals.  The  results  are  to  be  constructed  graphically  in  Figs. 
16,  17.  These  relative  results  are  difficult  to  interpret  because  of  the 
varying  amounts  of  permanent  set  incident  to  the  experiments.  To 
meet  these  errors  the  method  must  be  varied  as  indicated  in  Chapters 
II  and  III. 

Nickel  and  capper. — ^The  data  in  hand  are  as  follows : 

Tablk  31.— Apparatus  III. 

il=370»;  1=27*".    Bods:  Ko.  61,  steel,  annealed  soft;   2p =0*044"";   Na  p  niokol,  annealed  sofk^ 

2p=0*64S«- ;  r.  =  +  180O ;  Ti.  =  — 180<». 


Date. 

h 

iVXlO* 

0  00 
0-25 
7-87 

(*-^')Xl0» 

Remarks. 

Sept.  15, 11^  so- 
li   45 
7    22 

0-00 
0*25 

7-87 

A(\Ji]8ted 

0*346 
0371 

•  9*004 
i  0  021 

0*036 
0046 

0-049 

16,  »*  34- 

7    15 

2207 
31*75 

0386 
0396 

22-07 
31*75 

■  '6072 
75  65 

— •  ■  "-  ■ 

17,  9*  20- 
7    07 

45-83 
55-62 

69  65 
81*65 

0-306 
0401 

18,  Ok  09- 
0    09 

0*306 
0*351 

0-346 
0352 
0-871 

0028 

-0*004 
+0002 
+0-021 

19,11k  56" 
20,  9    06 
M^ll    30 

06-42 
11768 
312*00 

96*42 
117-68 
312*00 
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Table  32.— Apparatus  IV. 


j;  =  314«-;  1=27*.  Bods:  No.  62,  steel  annealed  al450O;  2p  =0-083^  Na  q  copper  drawn:  Sb=0'083«-: 

r.  =  +  90O;  rc  =  -90o. 


Date. 

h 

2fX10» 

A« 

10» 

Sept.  10,  8^  OO- 
3  30 
S  00 

000 
0-40 
4-90 

"0  676* 
0-850 

0-00 
0-40 
4-90 

—0.030 
+0-150 

11,  9*00- 
7  55 

17-90 
28-82 

0-040 
0-963 

17-00 
28-82 

0-240 
0-263 

12,   9*  45- 

6  41 

4265 
5158 

0-995 
1-016 

47-12 

a-305 

13,  lOfc  Iff* 
9   12 

67-22 
78-10 

1-022 
1-034 

72-66 

0-328 

14.  9*  00- 
7    15 

89  90 
100-15 

1046 
1-058 

95-03 

0-352 

Date. 

h 

JV^XIO^ 

ho 

(*-^')  X 
10» 

Sept  15^  9"  00- 
7  25 

11300 
121-32 

138-48 
148  07 

1U2-L'2 
172*02 

1032 
1094 

1100 
1  112 

119-11 

0-388 

16,  9*  35- 
7    16 

143-27 

0-409 

17,  9*  19- 
7   07 

1-118 
1-118 

1-118 
1106 

16712 

U-418 

18,  »••  lU- 
9    10 

18607 
108  07 
236-82 
245-08 

19-207 

0-412 

19,11"  55- 
20,  9   05 

1112 
1117 

236  82 
245-98 

0-412 
0-417 

Permanent  set  in  ooppw  180^. 


Table  33.— Apparatus  I. 


iE»202*;  1=27*.     Bods:  No. 63, steel, soft  drawn, 2p  =  0-082*;  No.  r  oopper,  softened;  SV>=0-080*; 

Ta  positive.  Te  nc^gative. 


Date. 


Sept    3,1*  69- 
2    06 
0    10 


h 

^X10» 

ho 

(♦-*')  X 
10" 

000 
0-18 
7-25 

*  0-468 
0-447 

0-00 
0-18 
7-25 

-6-008 
+0-013 

Date. 


Sept  14,9*  00- 
1    23 


19-08 
23-47 


NXIV^ 


0-427 
0  426 


19-08 
23  47 


lO' 


0  033 
0-034 


Permanent  set  in  copper  nearly  360^. 

Table  34.— Apparatus  I. 

JB=202*:  1=27*-.  Bids:  No. 64, steel, soft;  2p=t0-082«-;  ^=+45°;  No.«  copper, softened, 2^ =0-15S»-" 

r=— 45©  '' 


Date. 

h 

yxiifi 

ho 

(«-*')  X 
10" 

Date. 

h 

^X10» 

ho 

(*-*')  X 
10" 

Sept  14, 1*  40- 
1    47 
1    58 
7    13 

000 
0-12 
0-30 
6-55 

0  920' 

0-942 

1044 

1-112 

1-140 

0-00 
012 
0-30 
6*55 

Sept  17,  9*  20- 
7    05 

67-67 
77-42 

1-179 
1-193 

1-208 
1221 

72  56 

0186 

—0-080 
-0-058 
+0-044 

18,  9*  10- 
9   00 

91-50 
103-43 

97-47 

0-214 

15,9*  00- 
7    22 

19-33 
29-70 

19-38 
29-70 

0-112 
0140 

19,11*  55* 

20,  9   05 

21,  9   20 

117-75 
139-42 
163  67 

1235    117-75 
1-250    190-42 

0-235 
0-250 
0260 

1 

18,9*  33- 
7    06 

43-88 
53  43 

1-157 
1-167 

48  65 

0-163 

1-260 

163  67 

Permanent  set  of  oopper  270^. 

The  viscosity  of  uickel  as  compared  with  soft  steel  (Fig.  17)  is  worthy 
of  note.  The  small  deformations  of  copper  are  the  result  of  the  un- 
avoidably small  stress  intensities  which  actuate  the  viscous  motion. 


^(O 


7lid^^34, 


Cm.. 


3c  o 


T^MtSZ.     CiZ 


—   ThbLi31,J^l 


^a  id — TiMmu  defonnatlon  of  copper  and  uiokol  oomv*'^^^  ^^^^  ^^^  tcu&wiSM.  «fc  4fi0o, 
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27.  Steels  annealed  at  450^  and  1000^. — The  data  in  hand  are  as  fol- 
lows: 

TaBLB  SSl-^APPARATeS  III. 

12=370»:  1=27*.    Bods:  No.  57.  steel  aDnealed  at  450O;  T—-i-\Bfl9;  No.   68,  steeU  commeroUl, 

softened  i  T=— 180°;  ^=0*082». 


Date. 

h 

iVX10» 

At 

10» 

Date. 

ft 

^XIO" 

A« 

10« 

Sept.  4.  9^  20- 
9   33 
7   40 

0*00 

0*22 

10-33 

24-45 
3317 

'"  0-294' 
0371 

0-00 

0-22 

10-33 

24-45 
33.17 

Sept  8, 10^  42» 
7  42 

97*37 
106-37 

0-486 
0*495 

101-87 

0-190 

—0*006 
+0*071 

9, 10^  02- 
6  80 

120-70 
129*17 

0-5U5 
0-515 

121*93 

0*210 

5.  9^  47« 
6   80 

0-411 
0-4'J5 

0*111 
0125 

10,3*  so- 

150-17 

0-626 

15017 

0-225 

6,   9fc05» 
7    10 

47-75 
67  83 

0460 
0455 

62*7» 

0153 

7.   »*  10- 
6   11 

/1-83 
80  85 

0*466 
0-470 

76*34 

0167 

Table  36.— Apparatus  IV. 

jr=314<-;  1=27*".    Rods:  Ko.  59.  steel  annealiMl  at450o,  2p=0*082,  TpoaitlTe;    Ko.  60,  steel  soft- 
ened troia  hardneM,  2p= 0*082,  T  negatlTe. 


Date. 

A 

2fX10» 

ft. 

(♦-*0X 
10* 

Date. 

ft 

^'X10» 

A. 

(^). 

Sept  4,  9^  40- 
9   55 
7  40 

0-00 

a-25 

1000 

"oio5* 

0-006 

,    0-00 

0  35 

10-00 

24- 12 
32*83 

52~4d' 

Sept  7,    94  10" 
0    11 

71*50 
80-50 

97  03 

100-03 

0078 
0-084 

76*00 

0-022 

lib  002 
+0007 

8,  lu^  42» 
7    4-i 

0-000 
0-089 

101*63 
124-60 

0*013 

6,   9»  47- 
6   30 

24-12 
32*83 

0084 
0*084 

0-078 
0*084 

UOIO 
0019 

9, 10*  02- 
6    30 

lJ<i37 
128-83 

0-102 
0-102 

0-001 

6.  9   05- 
7    10 

47-42 
57*50 

0-0*22 

The  resalts  for  soft  steels  are  coustructed  in  Fig.  17,  and  corroborate 
Table  30  above,  with  reference  to  the  small  differences  between  steel 
annealed  at  450^  and  steel  annealed  at  ICHMP. 


1.0 


o 


So'*'       Ic 


(A 


2c  o 


Sie4a^. 


Fio.  n.—Visoons  deformation  of  steel  annealed  at  460o,  compared  with  soft  steel. 

28.  QuadHfilar  arrangement — Table  37  contains  results  for  a  quad- 
rifilar  as  explained  below.  The  small  differences  of  viscosity  in  question 
are  scarcely  sufficient  to  give  character  to  the  motion  when  the  stress 
given  is  applie<l  to  such  thin  wires.  Further  experiments  were  not 
made. 
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Tablb  37.— Apparatus  III. 

* 

QoadriillAr suspension ;  I =27» ;  £ =370<".  Bods :  No.  68^  soft ;  Ti  =  (+  180O)  +  90o ;  No.  67,  annoalcd 
•t460O;  ri=(— 180O)  +  90O;  No.60»8ofti  Tt={+(Jl^)^W>i  No. 50, annealed  at  450o ;  T^=i^iP) 
—  90O,  p=0-08a». 


Date. 

h 

yxio» 

ho 

10« 

Date. 

h 

JVXIO* 

At 

<^)>' 

Sept  10,  S»45- 

4  oa 

h   00 

0-00 
0-30 
4-25 

0-906 
0*906 

000 
030 
4*25 

i7-25 
28-17 

Sept.l3,10k  20- 
9   12 

66-58 
77-45 

0-856 
0-848 

72-02 

0-055 

0-000 
0000 

14.  9k  00- 
7    14 

89  26 
99  48 

0-846 
0-846 

94-36 

0-060 

II,  ••  00- 
7   65 

17-26 
28-17 

0808 
0-871 

0*U08 
0-035 

15,  9*  00- 

113-26 

0-866 

118-35 

0*040 

m2,  9*  45- 
6   41 

4-i-OO 
50*93 

0-866 
0-871 

46-46 

0*038 

29.  Tubular  apparatus. — Table  38  and  39  contain  onr  results  with  the 
tabula  1*  apparatus,  pi  is  the  inner  radius,  p%  the  outer  radius  of  the 
tube.  Q  aud  q  deuote  the  right  sections  of  brass  tube  and  steel  wire 
respectively.  Of  course  sections  of  metallic  surface  are  meant.  The 
inclosed  wire  is  twisted  alternately  in  opposite  directions  as  is  indicated 
by  the  sign  of  T.  The  result  is  similarly  indicated  by  the  sign  of  ( <p — 9/). 
Subscripts  s  aud  b  refer  to  steel  and  brass  respectively.  Table  38  con- 
tains results  for  a  thick  tube,  Table  39  for  a  thin  tube.  Hard  or  soft 
rods  are  inserted,  as  indicated. 

Table  38. — Apparatus  (tabular)  II. 

B=260«-,    l=22«.     Rods:   No.  «,   brass,  2jl=o-320«.'     ^^'   ®'   *'**''   glasshard,   2p»0-137nn; 

Q=0*053—>;  g  =  0-0l2T«*;  Q/q<l'5. 


Date. 

JV^XIO' 

A« 

(^-^')X10» 

Date. 

^'+lO» 

At 

(i^-^')X10» 

Jaly    7,   9*  62- 
12   16 
b   18 

0-308 
0-390 
0-420 

•0-00 
3-22 
8-27 

+0-002 
-0-080 
—0-110 

Jnly  14,    8^  67- 
10   27 
12   46 
4   45 

0-248 
0-248 
0-248 
0-250 

•0-00 
1-50 
3*80 
7-80 

i:  0-000 
db  0-000 
±0-000 
+0-002 

8,  9^  19- 
12  48 

5  50 

9,  8*  30- 

0-400 
0-465 
0  476 
0  300 

24-28 
27-77 
32-80 

-0*150 
-0-155 
—0-166 

15.  10*  46- 

0-250 

25-82 

+0002 

16,  lO"  46- 
12    33 
4    27 

♦0-00 
1-8-' 
508 

47-47 

-0190 

0-310 
0-306 

0-005 
—0009 

9,    8*  60- 
12    12 
6   20 

0  4:.6 
0-3U7 
0-283 

tO-00 
3-37 
8  50 

—0-056 
+0  063 
+0-117 

16,    0*  20- 

0-li99 

22-57 

—0-016 

JO,    8*  00- 
12   09 
6    18 

0-2-J2 
0-208 
O'lUl 

0100 
0-151 
0-142 

2J-32 
27-32 
32-47 

+0-178 
HO-192 
+0-209 

Original  hard  steel  rod.  No.  39,  again  inserted. 

16,    9»  25- 
n  26 
1    45 
5   58 

0-948 
1-009 
1-028 
1-052 

♦0-00 
2-02 
4-33 
8-63 

+0-032 
— OOl'9 
-6-048 
—0-072 

11,    9''  20- 
11    35 
4    15 

48-60 
50-75 
56-43 

+0-240 
+0-249 
+0-258 

11.    4"  15- 

4  45 

5  23 
7   00 

0-54U 
0-575 
0-597 
0-630 

♦000 
0-iO 
1-13 
2-75 

+0-060 

+0025 

+0  003 

0  030 

17,    8"  50- 
12   55 
6   04 

l-OOJ 
1-102 
1-125 

2:{-42 
27-50 
32-65 

—0-113 
-0-122 
-0145 

—0171 
-0-180 

18,    8*  27- 
2    28 

1-151 
I  160 

47-03 
53-05 

12,    7*  39- 
5   29 

0-718 
0-743 

15-40 
25-23 

-0-118 
—0-143 

19,    9"  41- 
12   20 

5    16 

1185 
1-186 
1-186 

72-27 
74-92 
70-83 

— 0-'J03 
—0-206 
-0-200 

-0-227 

—0002 
-0  020 
±0-000 
+0-042 
+0066 
+0093 

13,    8"«  30- 

0-779 

40-25  1         -0170 

OlasH-bord  rod  replaced  by  a  soft  steel  rod,  vis : 
No.  40,  annealed,  460O,  l\  2p  =  0-127«. 

20.    8^  28- 

1-207 

0-458 
0-416 
0-396 
0-354 
0-330 
0-303 

95-06 

20,  10"  50- 

11    18 

11    50 

1    63 

8    44 

6    35 

luoo 

0  47 
1-00 
3  05 
490 
7-75 

13. 10»  04- 
12   30 
6   05 

0-870 
0886 

9-890 

♦000 
2-43 
702 

+0-004 
—0-004 
-0-010 

14,    8*  55- 

0-894 

22-85 

-0-014 

21,  10*  02- 
12   18 

0-247 
0-239 

23-20 
25-47 

+0-149 
+0-157 

•  Total  twist  IV— (-n)  =180*,  twist  of  steel  T,,  positiTS. 
t  Total  twist  —Tb  +  (—  Jb)  r=  I80o,  twist  of  4teel,  poaitlTa. 
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Tablb  39. «- Apparatus  (tabilar)  V. 

Bods:  No.  /,  bnws  tube,  1 2£^0'24».'     ^^'  ^^  '^^  annealed  at  iSQo,  IS 
2p=0*082".    C=0*0165«*j  ^=0*0054^^;  Qlq>2'b, 


Date. 

2irxio» 

Ao 

(^— 0')X1O» 

Date. 

Nxia^ 

At 

(^-40X10» 

Jiily22,   8*88- 
8  48 

6  89 

7  13 

tO-00 
0*17 
2-02 
3-68 

July  28,    9*  32- 
1   18 
4   26 

1-476 
1-408 
1-&02 

12014 

0-392 

3-602 
3*541 
3*518 

+0*032 
-0*029 
—0*053 

29,    9*  04- 
12   48 
4   33 

1-611 
1-518 
1-621 

143-86 

0-417 

23.   7*54- 
12  02 

8*465 
8*435 

1 16-27 
20-40 

—0-105 
-0*135 

23, 12*  67- 
8   87 

1*026 
1*147 

•0-00 
2*67 

-0-074 
-H*047 

30.    9*  01- 
1    15 
4    16 

1-651 
1-654 
1-660 

*167-90 

0-538 

24,    9*28* 
1   08 
4  23 

1280 
1*800 
1*807 

20  52 
24*10 
27*43 

0180 
0-200 
0-207 

31,    0*  54- 
12   44 
4   03 

1*671 
1*672 
1*678 

101-94 

0*678 

28.   9*08- 
12   17 
3  68 

1*808 
1-400 
1*417 

6818 
71.33 
75*02 

0-208 
0309 
0317 

Au;?.  2.    9*  04- 
1    27 
4    11 

1*689 
1*692 
1-605 

239*95 

0-602 

27.    9*08- 
12  88 
4    18 

1-488 
1-437 
1-441 

96-71 

0-337 

6.    1*42- 
6  27 

1-727 
1*727 

338-63 

0-687 

*  Adjusted  anew.  t  Total  twist  Tt — {Tk) = 180o,  twist  of  steel  positive. 

I  Total  twist  ^r«  +  (+  A) = 180O,  twist  of  steel  negatlTo. 

The  results  of  Tables  38,  39 
are  given  graphically  in  Fig.  18, 
on  a  scale  ten  times  as  large  as 
in  the  earlier  figures.  The  fig- 
ure shows  the  gradual  reduction 
of  viscous  motion  in  the  consec- 
utive alternate  twists. 

We  have  not  yet  made  the 
tubular  apparatus  as  sensitive 
in  itsindicatioDS  as  is  the  bifilar. 
To  obtain  the  full  benefit  of  this 
adjustment  long  tubes  and  wires 
should  be  used.  The  resul  ts  are 
nevertheless  sufficiently  sharp 
and  pronounced  and  are  cited 
here  for  their  important  bearing 
in  the  inferences  to  be  drawn 
for  steel.  Fine  glass  tube  is  to 
be  preferred  to  brass. 

DISCUSSION. 

80.  Interpretation  of  (<p—<jf/). 
Before  jiroceeding  further  it  is 
necessary  to  give  the  quantity 
(tp—q/)  a  more  specific  inter- 
pretation than  appears  from  a 
persual  of  the  above  paragraphs. 
Since  the  wires  are  30^  long  fw.is  -Resoit»'obuww\ttixiiexiL\itL\«\iw^«»3«^ 
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Fig.  10.— Diacram. 


and  btit  .08<»  in  diameter,  the  considerations  ate  much  simplified  by 

conceiving  the  twist  helix  of  eaoh  Wire  to  be 
deve1o[>ed,  or  rolled  on  t  on  a  plane  sarface. 
Fig.  19  indicates  the  resnlt  in  a  diagram- 
matic way.  Here  ab  and  bd  are  the  de- 
veloped position  of  two  corresponding  fibers 
(helices)  of  the  coautertwisted  wires  A  and 
A' J  d/and  ag  being  the  lengths,  I  and  bf  and 
bg  the  cylindrical  semicircnmferences  of  the 
two  wires,  respectively.  For  in  the  nsnal 
cases  above  &/=  T=bg=:  ISQO.  Hence  dfi^ 
nsually  more  than  100  times  as  long  as  bfj 
and  the  same  ratio  holds  for  ag  and  gb. 
Hence  also  the  angle  d&/ expresses  the  rate 
of  twist;  and  for  want  pf  data  indicating 
the  precise  relation  between  the  rigidities 
of  steel  of  different  tempers,  the  angles  dbf 
and  Oibg  mast  thronghout  the  present  vol- 
ame  be  regarded  eqnal. 
Suppose  now  that  at  any  section  of  the  wires,  and  at  a  distance  x  and 
X*  respectively  above  the  lower  end,  viscons  sliding  takes  place,  on 
both  the  plane  surfaces  of  an  elementary  cylinder,  of  the  length  dxand 
dx'  respectively.  Now  it  is  clear  from  the  equality  of  couples,  that  the 
sliding  on  the  two  plane  faces  of  the  cylinder  dx  will  be  equal,  and  op- 
posite in  direction.  The  same  is  true  of  the  sliding  on  the  two  ends  of 
dx*.  It  is  also  dear  that  throughout  this  sliding  the  elastic  eqailibrium 
of  the  system  of  two  wires  is  continually  being  disturbed.  Therefore 
the  viscous  motion  must  be  accompanied  by  purely  elastic  motion  of 
the  whole  system,  such  that  throughout  every  stage  of  viscous  defor- 
mation tlio  rate  of  twist  is  kept  constant.  From  these  conditions  it 
follows  that  after  a  very  short  time  dt^  the  originally  straight  fibers  db 
and  ba  will  make  up  a  broken  line  dnmh  and  hm'n'a;  that  furthermore 
dn  and  km  must  be  parallel,  hm'  and  n'a  be  also  parallel,  and  that  the 
angles  nz/i/and  m'hg  are  equal.  Clearly  hb  corresponds  to  the  motion 
observed  at  the  movable  mirror  of  the  bifilar  suspension  (Fig.  1),  and 
may  therefore  easily  be  interpreted. 

Prolong  the  lines  db  and  mh  till  they  meet  at  k.  The  triangles  pbh 
and  hbk  are  equal  in  all  their  parts.    Hence  jpfr=bA:=:jf. 

Let  2<p  be  the  amount  of  viscous  angular  motion  of  any  section  of  the 
wire  A,  relative  to  another  section  at  a  unit  distance  from  it,  under  the 
given  conditions  of  adjustment.  Let  2g/  have  the  same  signification  for 
A'.  Then  since  the  same  couple  acts  throughout  the  length  of  either 
wire,  mn=^2<pdx  and  tn'n'=:2(p'dx'f  no  matter  what  be  the  value  of  x  or  d/. 
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Let  i^  be  the  angalar  motion  at  the  miiror,  so  that  di/)=zhh.    Then  for 
an  inspection  of  the  figure  it  follows  that 

2la>Ap     I     ^  ^         2(p'da/     V    ^ 

dtf)      ti^  dip       y' 

whence  by  elimination,  since 

l=iV^  y^y*,  dx^zdx'^  dtp=z(q)—q}')dx'^      ....    (1) 

and  by  integration 

q,^q/=:tl)/l (2) 

31.  The  quantity  <p—(p^  defined  by  eqaation  (2)  is  clearly  identical 
with  the  ((p^qj^)  of  the  above  tables.  The  signification  of  the  symbol 
is  therefore  evident.  In.  case  of  any  stated  twist  stored  between  the 
two  bifilar  wires,  the  two  end  sections  of  the  unit  of  length  of  one  wire 
slide  viscously  2<p  radians  relative  to  each  other,  whereas  the  end  sec- 
tions of  the  other  wire  slide  2(p'  radians  relative  to  each  other. 

VI8C08ITT  AND  TEMPER. 

8&  Oraphie  digest, — Tbe  results  of  Tables  1  to  21  may  be  discussed 
in  two  ways:  Wo  may  either  accept  some  definite  and  applicable  law 
like  that  of  Weber  or  that  of  Eohlrausch,  and  calculate  the  mean  con- 
stants for  each  set  of  results,  or  we  may  construct  them  graphically 
and  then  calculate  the  coordinates  of  the  mean  curve  for  each  set.  The 
latter  is  decidedly  the  better  way,  because  it  is  less  arbitr<iry  and  more 
convenient.  In  Table  40  the  mean  results  in  question  are  thus  sum- 
marized. The  first  two  columns  indicate  the  tables  from  which  in  each 
case  the  selections  are  made,  and  the  tempers  of  the  rods  selected. 
Tbe  remaining  columns  contain  tbe  differences  of  viscous  detorsion, 
(^— ^),  in  radians  per  centimeter  of  length  of  the  bifilar,  one  of  the 
wires  of  which  is  invariably  glass-hard,  the  other  annealed  as  stated. 
(<p^(fy)  is  arbitrarily  fixed  at  zero,  for  one  hour  after  a  twist  of  T+18(P 
and  T-^lSfP  has  been  imparted  to  the  soft  and  bard  wire,  respectively. 

Instead  of  making  all  references  to  glass-hard  wires,  it  would  have 
been  more  in  keeping  with  tbe  purposes  of  the  work  to  make  such  ref- 
erences to  soft  wire ;  but  at  the  outset  of  the  work,  the  high  viscosity 
of  annealed  steel,  as  compared  with  hard  steel,  was  not  known,  nor 
even  conjectured. 

In  the  tables  and  figures  the  data  are  p>sitive  in  the  direction  of  in- 
creasing viscosity. 
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Tablb  40.- 

'A  digest  of  mean  reeulU^  Tahlee  1  to  26. 

Table 

Annealed 
at 

Angnlar  motion  (^— ^')  in 

I  radians 

• 

60* 

100* 

150* 

200* 

250* 

800* 

850* 

400* 

1.  .. 
2 

MeMi. 

20* 

018 
002 

0*08 

019 
003 

Oil 

0-26 
0*03 

0-15 

0-84 
0*04 

019 

ft 

0 

8 

1000,10* 
...  do  . .  •  • 

0-50 
0*44 
0*62 
0-81 

0-59 

0-81 
0-76 
100 
1-28 

0*96 

1-06 
108 
1-85 
1*66 

1-41 

1-26 
1*41 
1*70 
1*95 

1-58 

1.42 
1*24 
1-99 
2-18 

1-71 

7 

. .  -  do  .... 

4 

.  ^ .  do  .... 

Mean. 

...do 

0 

12 

1900.1* 
...do 

107 
1-34 
1-56 
1-66 

1-38 

1-52 
1-79 
2-18 
2*06 

1-89 

1-88 
2  16 
2-55 
2-50 

2*27 

2-20 
2*51 
2-89 
2-91 

2*63 

2-50 
281 
3-17 
3-32 

2.95 

10 

...do  .... 

11.  ... 

. . .  do  .... 

Mean. 

...do  .... 

13 

u 

3600,1* 
...do  .... 

1-70 
1-90 

1-80 

2-54 
268 

261 

3-12 
3*15 

313 

3-56 
3-51 

3*53 

3-86 
382 

3-84 

4*15 
414 

414 

4*42 
4*42 

4-42 

4*70 
4-70 

4-70 

Mean. 

...do... 

16 

15 

4500,1* 
...do  ... 

2*03 

1-98 

201 

2-74 

2-78 

2*76 

3-20 
3-42 

3-31 

3*57 
3*92 

3-75 

3*91 
437 

4-14 

4-23 

4-75 

4-49 

4*52 
6-08 

4-80 

4-80 
5-84 

6-07 

Mean. 

...do 

10 

21 

lOOOC' 
.'..do 

1*36 
1-78 
1-94 
1*96 

1-76 

206 
2*50 
2-74 
2-75 

2-61 

2-64 
3-10 
3-32 
3-36 

310 

312 
362 
3-81 
3-90 

8-61 

3-55 
407 
4-20 
4-35 

4-04 

393 
4-45 
4-47 
4-74 

4-40 

4-20 
4-72 
4-69 
505 

4*67 

^\ 

13 

. .  .do  .... 

20 

. .  -do  .... 

Mean. 

...do 

All  radii  identically  2p = 0*082^.    Like  signs  of  (^— ^')  and  of  JV  refer  to  the  same  anf^nlar  dixectioii. 

The  resalts  of  Table  40  are  graphically  constructed  in  Fig.  20,  time 
in  hours  as  abscissa,  difference  of  angular  detorsion  (^— ^),  in  radians, 
as  ordinate. 

33.  Immediate  results. — ^Table  40  and  Fig.  20  lead  to  this  curiously  re- 
markable result :  If  we  abstract  for  the  moment  from  the  states  of 
temper  extreme  hard  and  extreme  soft,  the  viscosity  of  steel  decrea^ses  in 
proportion  as  the  hardness  of  the  metal  increases.  We  call  to  mind  here 
that  the  torsion  imparted  was  not  sufficiently  large  to  produce  marked 
permanent  set  (cf.  Chapter  III).      If  we  express  its  intensity  by 

(0-4J7)-nT  T,  and  introduce  the  constants  of  the  apparatus 

T=7r,  Z=?0«°>,  2p=0-082«", 

we  find  that  the  moment  of  the  applied  torsion  couple  did  not  exceed 
0-5  kg.  on  centimeter  of  arm.  (Cf.  remark  on  stress  value,  p.  48.)  If, 
following  Sir  William  Thomson,'  we  agree  that  '^  the  molecular  friction 


1  Thomson:  loo.  oit.,  or  Thomson  and  Tait,  Natural  PhiloR.,  1888,  vol.  2,  p.  303.    Onr  prenent  oon- 
ception  of  the  viscosity  of  liquids,  as  well  as  the  hypotheticattnl  proportionality  of  fHotional  reaistanoe 
and  velocity  were  Introdnccd  by  Newton  (Pilncipia,  Liber  2,  sect.  9,  "resistentia  que  oritur  ex 
defeotu  InbrioiUUe  "), 
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in  clastic  solids  may  properly  l>e  called  viscosity  of  solids,*^  tlien  onr  de- 
duction may  be  stated,  the  molecular  friction  in  case  of  steel  is  greater  in 
proportion  as  the  metal  is  softer.^  Examples  of  sacli  relations  in  divers 
substances  are  not  unknown.  Hard  steel  as  re^i^ards  viscosity  and  hard- 
ness may  be  typified  by  sealing-wax;  soft  steel  by  tallow.*  Neverthe- 
less the  continuous  variations  of  these  properties  exhibited  by  steel  is 
as  unique  as  it  is  striking.  Indeed  we  felt  diffidence  in  reporting  this 
result  and  have  taken  pains  to  substantiate  it. 


Fio.  90.— VinoooB  deformaUon  of  steel,  as  related  to  temper. 


>  DeKreeM  of  thenncMilectric  hardness  are  here  specially  in  place.    Of.  Ball.  XJ.  S.  GeoL  Sanrey,  No.  1< 

p.  85. 

>  Them  (examples  (tallow,  sealing  wax)  are  ^Iven  by  Maxwell :  Heat,  Appleton,  New  York,  1883.  p.  206L 
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34.  The  motion  ot  the  bifilar  body  of  the  above  apparatus  can  be  in- 
terpreted from  two  standpoints :  Either  it  is  dae  to  the  torsional  couple 
and  the  result  of  viscous  yielding  of  the  harder  wire  relatively  to  the 
softer;  or  it  may  be  due  to  the  bi&lar  and  flexural  couple  and  is  then 
the  result  of  viscous  yielding  of  the  softer  wire  relatively  to  the  harder 
(page  29).  But  the  bifilar  and  flexural  couples  have  been  proved  to 
be  zero  and  to  produce  a  zero  effect.  Hence  the  inference  above  itali- 
cized is  alone  admissible.  Again,  in  the  bifilar  apparatus  where  steel 
is  twisted  against  glass  (Table  2i)  the  soft  steel  is  demonstrably  more 
viscous  than  glass.  Ilard  steel,  as  shown  by  its  behavior  with  the  same 
fiber,  is  less  viscous  than  soft  steel.  We  do  not  wish  to  say  that  it  is 
less  viscous  than  glass  because  the  sectional  area  of  the  latter  fiber  is 
larger.  Again,  in  Table  38,  which  contains  the  data  obtained  with  the 
tubular  apparatus,  soft  steel  yields  viscously  at  about  the  same  rate  as 
the  brass  tube  of  more  than  four  times  the  sectional  area  of  the  steel 
wire.  Hard  steel  under  the  same  circumstances  yields  at  a  very  much 
greater  rate  than  brass. 

35.  Our  results  for  degrees  of  hardness  higher  than  ^^Annealed  at 
lOQo,  10**"  are  to  be  regarded  incomplete  because  of  the  magnetic  impor- 
tance of  those  degrees.  As  steel  passes  in  hardness  from  ^^Annealed 
at  4500"  to  "Annealed  at  lOOO^''  (soft),  it  probably  marches  through 
maximum  viscosity.  This  result  is  pretty  clearly  indicated  by  Table  40 
and  Fis:.  20.  Here  also  the  results  are  to  be  regarded  incomplete  be- 
cause of  the  maguctic  importance  of  the  (soft)  degrees  of  hardness  in 
question.  Our  methods  of  annealing  between  500^  and  1000^  are  not 
as  yet  satisfactory.  It  will  be  shown  below  that  all  remarks  here  made 
refer  to  intensities  of  stress  less  than  the  value  (0*5  kg.,  cm.)  given  at 
the  outset  of  this  sectioq.    (Of.  Chapter  II.) 

36.  Viscosity  and  electrics  of  steel. — If  we  compare  the  results  of  Table 
40  or  of  Fig.  20  with  the  known  thermo-electric  behavior'  of  steel  wires, 
we  detect  a  very  striking  similarity  in  contour  and  position  of  cor- 
responding members  of  the  viscous  and  thermo-eleotnc  families  of 
curves.  Both  phenomena  practically  subside  in  the  first  phase  of 
annealing;  the  effect  of  temperature  becomes  rapidly  less  as  higher 
degrees  are  approached.  The  same  relations  hold  between  viscosity 
and  electrical  resistance  of  steel. 

37.  Viscosity  and  ha/rdness. — The  relations  between  hardness  and  vis- 
cosity here  encountered  may  perhaps  be  conceived  somewhat  as  follows: 
Suppose  stress  to  be  so  distributed  in  a  solid  that  its  application  at  Any 
interface  is  nowhere  sufficient  to  produce  rupture.  Then  that  property 
of  a  solid  in  virtue  of  which  it  resists  very  small  forces  (zero* forces) 
acting  through  very  great  intervals  of  time  ( oo-times)  may  be  termed 
the  viscosity  of  the  solid.  That  property  in  virtue  of  which  it  resists 
the  action  of  very  large  forces  ( oo-forces  relatively)  acting  through  zero- 
time  may  be  termed  the  hardness  of  the  solid.  Since  the  application  of 
~  ■  .1  -  » « 

'  U.  S.  Geol.  Survey,  Bull.  14,  pp.  54, 55. 
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forces  ID  sach  a  way  as  accurately  to  meet  either  of  these  cases  is  rare, 
we  have  in  most  practical  instances  mixtures  of  viscous  resistances  and 
hardness  to  encounter.  We  may  reasonably  conceive  that  in  the  case 
of  viscous  motion  the  molecules  slide  into  each  other  or  even  partially 
through  each  other  by  interchange  of  atoms,  so  that  the  molecular  con- 
figuration is  being  continually  reconstructed;  tha^in  the  other  case 
(harduess)  the  molecules  are  urged  over  and  across  each  other  and  that 
therefore  the  intensity  of  cohesion  is  in  this  case  more  or  less  thoroughly 
impaired.  In  most  cases  of  scratching,  the  action  is  indeed  accompanied' 
by  physical  discontinuity  of  the  parts  tangentially  strained.  The  inter- 
penetration  of  the  molecules  of  a  viscous  substance  is  necessarily  favored 
by  temperature.  Hence  we  infer  the  experimental  result  that  the  vis- 
(!Ous  influence  of  temi>erature  is  marked.  If  Clausius's  theory  of  elec-. 
ti  olysis  be  correct,  then  a  certain  instability  or  imperfect  uniformity  in 
the  molecular  structure  of  solids  follows  at  once  from  the  fact  that  many 
solids,  notably  glass,^  may  be  electrolyzed  even  at  moderately  high  tem- 
peratures (300^).  The  important  bearing  of  all  these  remarks  on  Max- 
welFs  theory  of  viscosity-of  solids  will  be  given  in  Chapter  III. 

38.  Res^idtuil  phenomenon, — The  stored  torsional  stress  imparts  a  strain 
to  the  solid.  Viscous  detorsion  therefore  is  accompained  by  a  residual 
])henomenon«  The  observed  deformation  will  continue  until  the  applied 
tendency  to  change  of  form  is  reduced  in  value  to  the  evoked  and  increas- 
ing tendency  against  change  of  form.  If  the  applied  stress  be  removed, 
the  re<nprocating  stress  becomes  apparent  and  produces  viscous  effects 
of  its  own  kind,  as  Kohlrausch  has  shown.  The  result  has  many  mag- 
netic and  electrical  analogies,  among  which  the  phenomenon  of  residual 
static  charge  is  most  obvious.  In  the  tubular  apparatus  (Table  38),  the 
residual  deformation  of  the'preceding  twist  may  be  superimposed  on  the 
deformation  immediately  in  progress.  Whether  the  two  residnal  phe- 
nomena here  annul  each  other  so  that  the  primary  detorsion  only  is 
exhibited  remains  to  be  seen. 

In  liquids  there  is  no  such  reaction  unless  it  be  the  reciprocating 
force  of  galvanic  polarization.  In  polarization,  however,  the  mechanism 
is  of  an  obviously  chemical  kind.  In  solids  it  is  believed  to  be  not 
chemical. 

BECnONAI.  ARBA8  OV  BIFILAR  WIRBS. 

89.  The  essential  peculiarity  of  the  bifilar  apparatus  is  this,  that  the 
two  wires  are  twisted  by  identical  couples.*  The  absolute  value  of  these 
couples  during  the  experiment  remains  constant  to  2  or  3  per  cent.  If 
the  sectional  areas  of  the  wires  be  identical  our  apparatus  leads  to  re- 

>  Warbare:  Wied.  Ann.,  vol.  21, 1884,  p.  682.  Literary  notea  are  there  gtren.  Warburg  is  able  to 
replace  f  of  thn  aodlam  of  glaas  by  sodiam  of  the  anode. 

*  Maoy  years  ago  we  compared  the  longitadinal  resilience  of  hard  and  soft  steel  by  fasten inf?  one 
end  of  thin  wires  in  a  vine  and  bending  them  with  a  weight  applied  at  the  other.  Wo  found  bat 
Insignificant  difTerences.  Hence  the  stored  tors'ons  of  two  steel  wires,  hard  and  sott^  j^cofi^a^iMA.  V^^ 
equal  oouples  are  cfleteris  paribus  of  equal  ^ngulai  yalo  ), 
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suits  which  come  very  close  to  Newton^s  defiuitiou  of  visco.sity.  N(»\v- 
ton  suggested  that  the  iuternal  friction  of  liquids  is  ca3teris  ])arlbus 
directly  proportional  to  the  diflPerence  of  velocity  between  nearly  con- 
tiguous surfaces.  In  the  bifilar  apparatus  the  torsional  viscosities  of 
two  substances  are  equal  if  for  identical  strains  aiid  equal  sectional 
areas  torsional  change  of  form  occurs  at  like  rates  per  unit  of  length* 
This  is  the  condition  of  rest  or  zero-motion  of  the  suspended  body. 
Such  inferences  as  are  here  given  must,  however,  be  drawn  with  ex- 
treme caution.  There  are  certain  cardinal  differences  between  solid 
and  fluid  viscosity,  which  will  be  indicated  in  Chapter  111  and  which 
must  first  be  decided  upon  as  prerequisites  to  conclusions  like  the 
)>resent.  It  is  doubtful  whether  Thomson  and  Tait's  definition  of  solid 
viscosity  can  be  at  once  accepted. 

We  do  not  at  present  wish  to  do  more  than  advert  to  an  important 
deduction  here ;  it  is  obvious  that  if  the  sections  of  the  wires  be  so 
chosen  that  the  motion  of  the  bifilar  body  is  zero,  the  viscosity  of  the 
wires  must  be  inversely  related  to  those  sections.  This  principle  ap- 
paiently  enables  us  to  arrange  solids  in  a  scale  of  viscosity.  We  may 
formulate  it  approximately  thus : 

Consider  an  elementary  ring  of  either  wire,  whose  height  is  dz  and 
whose  right  sectional  area  is  2nrdr.  Let  df  be  the  amount  of  tangen- 
tial force  uniformly  distributed  over  this  area.  At  the  time  t  let  the 
velocity  of  the  upper  surface  relatively  to  the  lower  be  cr,  where  c  is  a 
time-function  and  casteris  paribus  a-  characteristic  of  the  viscosity  of 
the  wire.    Then  if  //|  be  the  coefficient  of  \  iscosity  at  the  time  t  we  have 

If  we  multiply  by  r  and  then  integrate  between  zero  and  p  (thick- 
ness =2p),  the  numerical  result  is  the  part  of  the  impressed  torsional 
couple  which  corresi)onds  to  the  length  dz.  A  similar  integral  holds 
for  the  other  wire,  to  distinguish  which  it  is  merely  necessary  to  ac- 
centuate/, )w„  c,  r,  p.  The  sum  of  the  two  integrals  is  zero.  If,  moreover, 
we  put  0=0'  in  view  of  the  state  of  rest  of  the  bifilar  body,  we  find  that 
the  viscosities  (/i,,  ^\)  of  the  two  substances  (wires)  are  to  each  other 
inversely  as  the  squares  of  the  respective  sectional  areas  by  which  the 
motion  of  the  bifilar  suspension  is  annulled. 

40.  Unfortunately  the  problem  is  much  more  complex  than  it  here 
appears.  The  dependence  of  torsional  deformation  on  time  in  case  of  a 
single  wire  is  obviously  related  to  the  character  of  the  molecule.  When 
two  different  substances  in  wire  form  are  twisted  bifilarly  against  each 
other,  the  effect  will  rarely  be  such  that  the  torsional  yieldings  con- 
tinually equalize  each  other,  no  matter  what  relations  of  section  may 
be  chosen.  The  motion-carve  of  the  bifilar-suspension  will  show  maxima 
or  even  points  of  circamflexion,  such  as  have  been  actually  encountered 
in  Tables  23,  24,  25,  etc.,  and  the  definition  of  relative  viscosities  of  the 
two  wires  will  become  correspondingly  involved.    Apart  from  these 
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complications  which  are  iuhereut  in  solid  structare,  a  modificatioii  of  tho 
apimratiis  such  as  is  gi\  en  in  Chapter  II,  or  the  present  tubular  appa- 
ratus, may  easily  subserve  the  purpose  of  classification  by  initial  tan- 
gents. 

41.  Again,  pit  for  solids  is  not  merely  a  function  of  time  but  very  essen- 
tially a  function  of  stress.  Above  we  show  (page  12)  how  by  simply 
adjusting  the  lengths  of  the  bifilar  wires,  viscosities  may  be  compared 
at  a  given  temperature,  as  timtt  functions  with  identical  values  of  the 
l)aranieters  stress,  strain  (sectional  area).  We  do  not  believe  that  vis- 
cous detorsion  in  this  full  relation  has  ever  been  rigidly  investigated. 
The  results  would  lead  to  families  of  curves. 

Given  a  quadrifilar  arrangement  of  four  viscously  identical  wires. 
Let  the  twist  Tu  be  stored  between 'any  two  of  them  and  then  let  the 
twist  Tis,34  be  additionally  stored  between  these  two  as  one,  and  the 
third  and  fourth  wire  as  one.  Such  a  device  enables  us  in  the  above 
way  to  study  viscosity  in  its  simple  dependence  on  strain,  for  all  values 
of  stress. 

VI8C08ITT  AND  STRAIN. 

42.  Steel  and  glass, — When  we  commenced  the  present  research  a 
comparison  of  the  viscosity  of  glass  and  steel  appeared  desirable.  In 
Tables  22,  23,  such  comparisons  have  been  attempted,  though  we  regret 
that  the  limitations  of  our  available  time  have  restricted  our  pursuit  of 
them.  In  Table  22,  the  sectional  area  of  glass  fiber  is  less  than  that  of 
steel  wire;  nevertheless  the  viscoiis  yielding  of  the  fiber  is  so  much 
more  rapid  than  that  of  the  wire,  that  we  may  reasonably  infer  degrees 
of  viscosity  of  the  same  order  in  the  two  substances.  In  Table  23,  the 
sectional  area  of  glass  exceeds  that  of  steel.  Hence  these  data  prove 
that  the* torsional  viscosity  of  annealed  steel  is  greater  than  that  of 
glass.  The  viscosity  of  hard  steel  during  the  first  ten  hours  of  detor- 
sion is  certainly  very  much  greater  than  that  of  glass.  During  the 
remainder  of  the  time  it  is  decidedly  less.  The  curve  passes  through 
a  maximum  for  which  point  the  rates  of  viscous  detorsion  of  glass  and 
of  glass-hard  steel  exactly  coincide.  Since  the  sectional  area  of  glass  is 
greater,  we  safely  infer  that  the  viscosity  of  glass  is  not  uniformly 
greater  than  that  of  glassbard  steel.  It  is  well  to  call  to  mind,  how- 
ever, that  the  sum  of  the  torsions  is  here  only  T.+  r^=:90<^.  Moreover, 
since  for  equal  couples  and  dimensions  E^T^^E^T^  where  E  is  Young's 
modulus'  of  resilience  for  glass  and  for  steel  respectively  and  Tthe  cor- 
responding torsion;  and  since  Eg  /^.=I  /3  approximately,  it  appears 
that  r^=3T,  nearly.  Hence  for  equal  stresses,  strains  are  thoroughly 
unequal,  and  in  the  same  measure  are  these  comparisons  not  thoroughly 
just. 

43.  Steel  and  iron. — ^A  similarly  important  desideratum  is  the  com- 
parison of  the  viscosities  of  steel  and  of  iron.    In  Tables  24,  25,  26, 

*  To  obtefai  an  estimate  it  Is  sufficient  to  accept  the  sAme  ratio  af  moduluft  o(  \ot«\QYi\A  TAQ^LTiXAa  ^1 
loogitadioal  resilience  ior  e»oh  omo,    Poiaaon  'a  ratios  for  glass  an  I  steel  ate  a\>ouXi  aa  ^  Xa  ^. 
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etc.,  such  comparisons  are  made,  though  farther  resnlts  are  not  supor- 
fluouH  It  appears  distinctly  that  during  the  first  five  or  ten  hours  of 
detorsion  the  viscosity  of  iron  is  in  a  strikingly  pronounced  manner 
less  than  that  of  steel.  As  detorsion  continues  the  viscosity  of  soft  iron 
continuall}^  remains  below  that  of  steel,  whereas  the  viscosity  of  drawn 
iron  grows  temporarily  greater  than  steel  but  finally  reaches  the  same 
value.  In  this  case  the  motion-curve  passes  through  an  exceedingly 
sharp  maximum,  at  which  the  viscous  yielding  of  iron  and  of  steel  oc- 
curs at  like  rates.  Having  exhibited  greater  viscosity  in  drawn  iron 
it  finally,  by  circumflexion,  merges  into  a  horizontal  asymptote,  which 
probably  indicates  subsidence  of  motion  in  each  wire.  These  unex- 
pected results  show  that  the  viscosity  of  steel  is  not  uniformly  greiUer 
than  that  of  iron.  Obviously  glass-hard  steel  for  the  given  stress  is 
very  much  less  viscous  than  iron. 

The  sum  of  the  twists  is  here  nominally  T.— (— T|)=3(>0o.  Particu- 
larly in  the  case  of  soft  iron  its  efficient  value  is  very  decidedly  less, 
however.  The  applied  torsion  carries  the  iron  wire  much  beyond  the 
linnts  of  elasticity ;  and  so  much  of  the  stress  vanishes  instanter  that 
the  ^' after-action"  subsides  within  relatively  small  limits.  The  vis- 
cosity of  (soft)  iron  is  either  less  or  greater  than  that  of  hard  steel 
according  as  the  applied  torsional  stress  surpasses  or  falls  below  a  cer- 
tain critical  value.  This  result  again  shows  the  importance  of  stress- 
measurement,  as  a  means  of  coordinating  the  lingering  of  purely  viscous 
deformation  and  the  instantaneous  (t)  deformation. 

In  the  above  results  the  curvature  of  the  (absolute)  motion  curve  for 
a  single  wire  increases  uniformly  from  hard  steel  to  soft  steel;  increases, 
moreover,  from  soft  steel  to  iron.  Curvature  is  greater  in  the  glass 
curve  than  in  hard  steel  curves.  So  far  as  we  have  observed  (steel, 
iron,  glass)  viscous  deformation  occurs  more  nearly  at  uniform  rates 
(linearly)  in  proportion  as  hardness  is  greater.  Of.  Chapter  III,  where 
similar  results  are  given  under  ^^accommodation."  Curvatures  for 
early  time  are  meant,  the  later  parts  of  carves  being  asymptotes. 

44.  Effect  of  quenching, — The  remarks  just  made  on  the  viscosities  of 
ghiss  and  iron  suggest  this  plausible  inference:  if  glass  and  steel  be 
alike  subjected  to  a  stated  process  of  quenching,  and  if  after  the  oper- 
ation has  been  performed  glass  be  found  to  have  retained  a  very  high 
intensity  of  strain  (Eupert's  drop),  then,  a  fortiori,  steel,  the  substance 
of  greater  viscosity,  must  have  retained  a  similarly  high  intensity  of 
strain.  This  reasoning,  however,  is  incomplete  and  must  be  approacljcd 
with  caution.  We  pointed  out^  that  the  low  degrees  of  thermal  con- 
ductivity possessed  by  glass  were  favorable  to  the  retention  of  strain. 
We  also  remarked^  that  the  occurrence  of  Gore's  phenomenon  of  sudden 
expansion  at  red  heat  distinguished  iron  and  steel  from  all  other  meUils, 
and  that  in  spite  of  relatively  good  thermal  conductivity,  iron  and  steel 

>  Am.  Jour.  8cL  (III).  1886,  vol.  81,  p.  45L 
*  BalL  U.  S.  GeoL  Survey.  No.  14,  p.  9% 
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possessed  virtually  all  the  favorablo  conilitions  of  glass  for  retaining 
strain.  Whether  diCFerences  of  viscosity  are  sufficient  to  account  for 
the  unlikeness  of  behavior  during  quenching  we  are  unable  to  ssiy.  It 
will  be  necessary  to  compare  iron  and  steel  at  higher  than  ordinary 
temperature  and  also  under  greater  values  of  applied  stress  than  was 
easily  feasible  in  the  above  experiments.  In  other  words,  iron  and  soft 
steel  are  nearly  equally  viscous  for  small  values  of  stress.  After  stress 
exceeds  a  certain  intensity,  the  permanent  set  suddenly  imparted  to 
iron  is  enormously  great  as  compared  with  steel.  Similar  relations  are 
true  for  soft  steel  when  compared  with  hard  steel.  It  is  this  class  of 
^'sudden"  phenomena  which  come  into  play  during  quenching.  The 
primary  effect  of  quenching  steel  is  chemical  hardness.  Strains  are 
retained  in  the  steel  so  modified,  just  as  they  are  in  glass;  whereas  in 
soft  steel  or  soft  iron  the  result  would  be  permanent  set.  In  Chapters 
II  and  III,  a  more  complete  explanation  than  is  here  possible  will  be 
given,  so  that  further  consideration  may  be  waived  for  the  present. 

The  occurrence  of  sudilen  and  gradual  deformation  in  a  single  sub- 
stance suggests  that  ordinary  static  friction  is  probably  a  viscous  phe- 
flomenon. 

45.  We  add  in  passing  that  the  observed  inefficiency  of  temperatures 
less  than  2000  in  producing  marked  viscous  deformation  in  a  Rupert's 
drop  proves  that  mere  interference  of  thermal  expansion  with  the  con- 
ditions of  strain  cannot  be  the  primary  cause  of  its  variations;  that 
strain  variations  essentially  depend  on  diminished  viscosity. 

46.  Steel  and  cast-iron, — We  also  add  in  passing  that  the  importance 
of  strain  as  associated  with  glassharduess  is  emphasized  by  the  mass- 
constants  of  the  cast-irons.  The  densities  of  these  metals^  range  be- 
tween the  maximum  of  ca.  7*0  for  white  cast-iron  and  the  minimum  of 
ca.  6*9  for  gray  cast-iron.  Hence  density  increases  in  marked  degree 
in  proportion  as  total  carbon  is  more  and  more  nearly  combined.  Quite 
the  reverse  of  this  is  true  for  steel  where  density  decidedly  decreases  as 
total  carbon  is  more  and  more  nearly  combined.  This  discrepancy  we 
interpreted  as  a  strain  of  dilitation  and  carefully  compared  it  with  the 
analogous  behavior  of  glass  in  our  earlier  papers. 

47.  Stress  iniensity  estimated. — We  add  finally  the  following  data  from 
the  elastics  of  glass  and  of  steel.  The  sBolotropic  expansion  produced 
by  quenching  glass  or  steel  we  showed  elsewhere^  to  amount  to  0.005. 
The  volume  resilience  of  glass  and  of  steel,  according  to  Professor  Eve- 
rett's measurements,^  is  4x  10"  and  2x  10''  respectively.  Hence  if  per 
square  centimeter^  be  the  stress-value  for  the  given  expansion,  we  find 
approximately  |)=IOxlO'  dynes  for  steel  and  2x10^  dynes  for  glass. 
Now  per  square  centimeter  the  tenacity  of  steel  is  8x  10®  dynes;  the 
tenacity  of  glass  0*6x10®  dynes.    The  approximate  ratio  of  stress  to 

1  Of.  Bloxham'8  ChemUtry,  Lea,  PhlUd.,  1873.  p.  342.    Ball.  U.  S.  Ge«)I.  Snnrey,  Na  U,  pp.  76. 77. 
■  Am.  Jour.  Scl.(III).  1866,  vol.  32,  pp.  100,  191.    By  »Iootropic  expansion  wo  refer  to  the  part  of  t^^t 
^tal  expaniiion  whicL  produces  explosiveness  and  the  polariscopio  phenotuenoTu 
*  Kverett :  Phil.  Trana.,  1866,  p.  369,    The  above  sanibers  are  Tounded  fTom  l&TeT«kU'a^i^.^a^M. 
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teiiacitjf  is  therefore  estimated  at  1*3  for  steel  and  3-3  for  g:la8s.  This 
shows  that  in  both  cases  stress  and  tenacity  are  of  the  same  order;  that 
f^tress  is  in  excess;  that  but  for  the  peculiarly  favorable,  symmetrically 
arched  structure  of  the  quenched  globule,  rupture  would  ensue  in  glass 
certainly;  probably  also  in  steel.  This  accords  with  the  explosive 
tendency  of  a  Prince  Eupert's  drop  and  with  the  less  pronounced  lia- 
bility of  steel  to  crack  on  quenching.^  If  therefore  quenched  glass  and 
quenched  steel  are  under  mean  stress  intensities  of  several  thousand 
atmospheres,  then  in  discussing  the  corresponding  viscous  properties 
they  must  be  brought  into  relation  with  these  high  values  of  peculiar 
stress. 

MAGNETIC  RELATIONS. 

48.  ViscoHty  and  magnetic  intensity. — If  again  we  abstract  from  the 
extreme  states  of  hardness,  we  Und  that  both  the  viscosity  and  the  mo- 
ment of  linear  magnetization  per  unit  of  mass,  of  a  perm<inently  satu- 
rated steel  rod,  increase  in  marked  degree  from  hard  to  soft.  This  is  a 
singularly  striking  result,  inasmuch  as  the  conditions  of  magnetic  sta- 
bility (following  Hopkinsou  we  shall  call  them  coercive  force),  conditions 
which  at  first  sight  we  would  be  inclined' to  associate  with  viscosity, 
decrease  as  viscosity  increases.  Hence  permanently  saturated  linear 
magnetic  intensity  and  viscosity  on  the  one  hand,  magnetic  stability  or 
coercive  force  and  hardness  on  the  other,  seem  to  belong  together. 

49.  Magnetic  and  viscous  maxima  in  steel. — The  minimum  of  permanent 
linear  intensity  of  saturated  steel  rods  has  no  viscous  equivalent;  but 
we  have  not  yet  studied  the  viscosity  of  extremes  of  hard  steel  mi- 
nutely, nor  have  we  as  yet  suflBcieutly  sharp  data  for  the  magnetization 
of  very  long  rods  (length  /diameter  >100)  in  its  relation  to  temper.  In 
the  extreme  soft  region,  on  the  other  hand,  the  occurrence  of  a  unique 
maximum  of  magnetization  seems  to  be  coincident  with  the  occurrence 
of  maximum  viscosity.  The  magnetic  maximum  so  far  as  our  results 
go  is  apparently  much  more  clearly  pronounced  than  the  viscous  maxi- 
mum. We  remark  in  general  that  as  the  ratio  of  length  to  diameter 
increases,  the  minimum  of  permanent  magnetization  shows  a  tendency 
to  move  from  soft  to  hard.  Furthermore,  it  is  proved  that  the  perma- 
nent magnetization  of  soft  rods  is  greater  in  proportion  as  they  are 
more  and  more  nearly  linear.^  Hence  as  our  march  approaches  the 
linear  limit  we  observe  an  unmistakable  tendency  toward  more  detailed 
similarity  between  the  variations  of  the  magnetic  and  the  viscous  prop- 
erties of  steel. 

Mr.  Hopkinsou^  in  his  memoir  on  the  magnetization  of  iron  introduces 
a  definition  of  coercive  force,  defining  it  as  *'that  reversed  magnetic 
force  which  just  suffices  to  reduce  the  induciion  to  nothing  after  the 

*  Mr.  .T.  M.  Bsitchelfler  lias  Just  commanicatiid  to  us  liis  ict^resting  result*  (Jour.  Franklin  Iimt.  (3), 
1844,vol.8,p.  133).  in  which  of  twelre  massive  pjecus  of  <)">?UViiWl  etwl|  <?JglJt  Wlwe^ueoUj  crftcke4 
and  one  actnnlly  oxphxled. 

«  Bull.  14,  U.  S.  Geol.  Survey,  pp.  UO  to  143,  _ 

^ffopkiasQo ;  Phil  rr»a9.,  Ji>85,  vol  2,  p.  4Q'4. 
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material  has  been  subjected  temporarily  to  very  great  magnetizing 
force."  There  is  a  slight  objection  to  this  definition,  inasmuch  as  it 
introduces  a  somewhat  vaguely  complex  state  of  zero-magnetization.' 
Wiedemann*  in  comparing  magnetization  to  and  fro  with  viscous  tor- 
sional accommodation  has  been  most  explicit  on  these  points.  But  the 
feature  in  question  is  hard  to  improve  and  the  definition  is  valuable. 
Mr.  Hopkinson's  extensive  experiments  show  that  coercive  force  is  in- 
variably increased  by  hardness.  Togetber  with  others  we  have  proved 
that  hard  steel  is  alike  well  adapted  to  withstand  the  influence  of  per- 
cussion. 

50.  Steel  and  iron. — These  general  relations  between  viscosity  and 
maximum  permanent  linear  intensity  observed  for  steel  are  sustained 
by  iron.  According  to  data  contained  in  a  paper  of  the  lamented  Dr. 
Ij.  M.  Cheesmau^  the  permanent  magnetization  of  drawn  iron  exceeds 
that  of  soft  iron.  The  magnetic  intensity  of  permanently  saturated 
drawn  iron  is  comparable  with  that  of  soft  steel  and  quite  equal  to  that 
of  hard  steel.  More  recently  and  even  more  elaborately  Ewing  has  dis- 
cussed the  subject.  He  finds  "  in  the  absence  of  mi^chanical  or  other 
disturbance,  soft  iron  is  far  more  retentive  than  either  hard  iron  or 
steel,"  an  exceedingly  remarkable  result.*  Our  experiments  show  that 
the  intensity  of  applied  stress  is  an  important  factor  in  determining  the 
viscous  behavior  of  iron ;  that  for  moderate  stress  values  it  ultimately 
approaches  very  closely  or  even  exceeds  the  maximum  viscosity  of  steel ; 
that  it  is  much  greater  than  the  viscosity  of  hard  steel. 

REMARKS. 

61.  Among  the  results  of  this  paper  is  the  light  thrown  on  the  crucial 
importance  of  the  physical  changes  which  steel  undergoes  during  anneal- 
ing at  high  temperatures,  i.  e.,  when  subjected  to  the  action  of  temper- 
atures between  500^  and  100(P.  Prof.  W.  F.  Barrett,'  who  made  val- 
uable researches  on  this  subject,  pointed  out  the  more  important  coinci- 
dences (elongation,  crepitation  and  ticking,  recalescence,  magnetic  and 
thermo-electric  anomalies).  In  our  our  earlier  work  we  unfortunately 
overlooked  these  papers.  Tait,  however,  had  before  this  connected  his 
peculiar  iron  line  (thermo-electrics)  with  Gore's  phenomena.  The  occur- 
rences  in  question  may  now  be  summarized  as  follows:  Gore's^  sudden 

>  The  nnmagnetio  state,  though  dependent  on  the  details  of  the  proceea  of  tempering,  is  adi«tinct 
magnetic  state.  Similarly  ire  may  regard  the  saturated  magnetic  state,  though  allowance  must  here 
be  made  for  the  occarrence  of  cyclic  mainietization,  a  phenomenon  suggested  by  Fromme  (Wie<L  Ann., 
1878,  vol.  4,  p.  89)  and  ( Wied.  Ann.,  1881,  vol.  14,  p. ^08),  concist^ly,  interpreted  by  Warburg  (Wied.  Ann.. 
1881,  voL  13,  p.  141)  and  which  Ewing  (PhiL  Trans.,  1885,  vol.  2,  p.  545)  has  recently  discnssed  generioally 
under  the  name  of  '*  hysteresis." 

«  Wiedemann :  Wied.  Ann.,  1879,  ▼!,  p.  612. 

s  Cheesman :  Am.  Jonr.  Sci.  (Ill),  1882,  vol.  24,  p.  183.    Lengths  100  diameters  and  leas. 

*  Ewing :  ')p.  cit.,  p.  541. 

»  W  F.  Barrett:  Journal  London  Inst.,  July,  1873 ;    Rept^  Brit  Assoc,  1875,  vol. 45,  pp. 259-00 :  PWL 
Mag.  (5),Dect>mter,  1873;  ibid,  January,  1874;  Proc.  Koyal  Dub.  Soc,  1886;  Am.  Jonr.  Sci.  (III).  \««\« 
Tol.  V  p.  30%    For  recent  work  on  recalescence  see  Hopkiosoa :  Pi'QC.  Uoy .  ^^.^  V^^ '^^  V^*^ .  \Vk . 

*  (iore;  Proo.  fuoy,  Soo.,  1809,  vol  17, p.  ZOO, 
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volume  expansion;  Tait's^  sinuously  broken  thermo-electric  diagram- 
line;  Barrett's  (loc.  cit.)  recalcscence,  crepitation,  and  elongation  phe- 
nomena; Barrett's  behavior  of  manganese  steel ;  Gore-Baur's^  sudden 
disappearance  of  magnetic  quality ;  the  passage  of  carbon  from  uncom- 
bined  to  combined ;  Jeans's^  critical  comeutatiou  tempi  rature.  Further, 
Ghernoff-BarusV  sudden  appearance  of  hardness  in  quenched  steel, 
FrommeV  maximum  density,  Ohwolson's^  minimum  resistance,  our  own 
unique  maximum  of  magnetization^  and  probable  maximum  of  viscosity, 
HoweV  sudden  decrease  of  rigidity,  are  all  referred  to  this  interval, 
approximately  to  the  same  temperature.  To  determine  the  inter- 
dependence of  these  phenomena  it  is  obviously  first  necessary  to  devise 
methods  of  operating  on  steel  adapted  to  the  interval  in  question.  In 
other  words,  our  Introductory  problem  is  the  annealing  of  steel  without 
oxidation  and  without  carburation,  at  measured  (high)  temperatures, 
during  stated  times.  It  is  in  this  direction  that  our  investigation  will 
ultimately  proceed.  In  the  present  work,  however,  the  thermal  rela- 
tions of  viscosity  still  command  paramount  attention ;  and  their  impor- 
tance gains  much  when  it  is  called  to  mind  that  before  a  satisfactory 
physical  theory  of  viscosity  has  been  formulated,  the^  light  which  data 
like  the  above  throw  on  ulterior  electrical  phenomena  will  not  be 
searching. 


>  Tait :  Trana.  RSy.  Soc,  Edinbargb,  1872-*73,  voL  27,  p.  1^. 

'Gore:  Phil.  Mag.,  IV.,  18G0,  vol.  3S,  p.  59;  Baur.  Wied.  Ann  ,  1880,rol  11,p.408;  Ibid.,  1870,  vol. 40, 
p.  170. 

*  Jeans:  "Steel,  its  history,  etc."    London,  Spon,  1880. 

'Chemoff:  Vortrag.  gcb.  in  der  Russ.  techn.  Ges.,  April  ond  May,  1878.    Bams:  Wied.  Ann.,  1879, 
vol.  7,  p.  405. 

*  Frorame :  Wied.  Ann.,  1879,  vol.  8,  p.  354.  We  were  nnable  to  find  Fromme's  raaxiraam :  bat  we  will 
search  again.  All  these  results  are  crocially  dependent  on  the  method  of  annealing,  m  stated  in  the 
text. 

*  Ch wolson :  Carl's  Repcrtorinm,  1878,  voL  14,  p.  26. 

'  Bams  nnd  Strouhal:  Bull.  U.  S.  Geol.  Survey,  Ko.  14,  pp.  145, 198. 
*H.  M.  Howe:  Scieiitlflo  American  Supplement,  April,  1889,  p.  11056w 


CHAPTER  II. 

THE  VISCOSITY  OF  STEEL  AND  ITS  RELATIONS  TO  TEMPERATURE. 

INTRODUCTION. 

52.  This  chapter  is  to  be  restricted  to  a  discussion  of  the  relation  be- 
tween torsional  viscosity  and  temperature,  as  observed  with  steel  in 
different  states  of  hardness.  Some  mention  of  the  effect  of  stress  on 
the  amount  of  viscons  motions  in  solids  is,  however,  unavoidable;  and 
the  experiments  lead  naturally  to  the  investigation  of  a  more  general 
method,  by  which  the  instantaneous  deformation  and  the  gradual  de- 
formation produced  by  stress  may  be  coordinated.  The  data  already 
show  that  imperceptible  gradations  lead  from  the  purely  viscons  defor- 
mation which  follows  strains  within  the  clastic  limits,  to  the  sudden, 
permanent  set  which  follows  strains  beyond  the  elastic  limits.  As  a 
whole  the  data  bear  directly  on  the  truth  of  Maxwell's  theory  of  vis- 
cosity.   (Cf.  Chapter  III.) 

METHOD   OF  MEASUREMENT. 

63.  Apparatus, — Instead  of  countertwisting  two  wires  suspended  bi- 
iilarly,  as  was  done  in  Chapter  I,  it  is  for  many  purposes  preferable  to 
suspend  and  twist  them  unifilarly.  In  this  case  they  may  be  kept  at 
different  temperatures  throughout  different  parts  of  their  lengths,  and 
the  adjustment  therefore  has  special  advantages  for  the  class  of  experi- 
ments indicated  in  the  present  chapter. 

In  the  actual  work  it  is  expedient  to  compare  two  identical  wires, 
one  of  which  is  kept  hot,  the  other  cold.  These  wires  are  shown  in  the 
annexed  diagram  (PI.  i)  at  ab  and  cd.  The  ends,  having  been  bent 
loop-shaped,  are  screwed  near  the  middle  of  the  apparatus  to  a  cross- 
piece  of  iron  carrying  the  adjustable  mirror  M.  This  is  the  index  re- 
ferred to  in  the  preceding  paragraph,  and  angular  deviations  are  read 
oft'  by  Gauss's  method.  To  deaden  lateral  vibrations  the  mirror  is  also 
provided  with  a  cross- vane,  mm,  dipping  appropriately  into  a  lixeddish 
of  water.  In  later  experiments  this  dish  was  replaced  by  an  annular 
vessel  surrounding  the  wire.  The  upper  end  of  the  system  of  wires  is 
screwed  to  a  round  steel  rod,  a/,  which  tits  snugly  in  the  perforation  of 
the  massive  fixed  piece  of  brass  gk.  A  steel  pin,  jp,  passing  through 
both  brass  and  steel  rod,  secnres  the  latter  to  the  former,  ^^he  lower 
end  of  the  wires  is  similarly  fastened  to  the  steel  rod  dk  a\i(!L  W^  ^^v^^ 
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piece  of  brass  kl.  To  keep  the  wires  tense  they  are  stretched  by  a 
weight,  RQ  5  aud  a  part  of  the  lower  fixed  brass  kl  has  therefore  beeu 
cut  away  iu  such  a  mauner  that  the  lower  pin  q  may  slide  aloug  a  plane. 
The  system  of  wires  is  therefore  free  to  expand. 

To  heat  the  upper  wire,  a  given  part  of  it  was  surrounded  by  a  special 
forui  of  vapor  bath,  without  being  necessarily  iu  contact  with  it.  This 
has  beeu  described  elsewhere.*  Steam  (lOO^),  aniline  vapor  (190°),  and 
mercury  vapor  (360O)  were  consecutively  introduced,  and  errors  due  to 
radiation  were  carefully  avoided  by  appropriate  screens. 

The  vapor  bath  mentioned  is  seen  in  the  figure  at  ttt,  being  a  boiling 
tube  containing  the  liquid  whose  boiling  point  is  to  be  utilized  and 
surrounded  at  its  lower  end  by  the  ring  burner  n\  The  asbestus  screen 
as  protects  the  upper  end  of  the  tube  from  direct  radiation.  It  is  de- 
sirable to  bring  as  much  of  the  wire  within  the  central  tube  uu  as 
l>o.ssihle.  It'  necessary  the  upper  end  of  this  tube  may  be  loosely  closed 
with  asbestus  to  obviate  currents  of  air.  By  carefull3^  regulating  the 
rinff  burner  there  is  no  difficulty  in  maiataining  ebullition  for  hours. 

By  removing  and  then  re-in.sertiug  the  pin  g,  the  wires  may  be  twisted 
in  multiples  of  90°  for  each  length,  or  in  multiples  of  rate  of  twist  (t) 
of  30  for  each  wire.  For  the  given  dimensions  this  is  the  effect  of  a 
couple  of  250  g,  on  one  centiuieter,  for  each  3^  of  rate  of  twist.  In  later 
forms  of  this  apparatus  a  divided  circle  was  attached  to  the  lower  piece 
dhj  thus  enabling  the  observer  to  vary  the  valueof  r  aud  to  measure  the 
amount  of  permanent  set  at  the  end  of  the  experiment. 

64.  A  few  critical  remarks  on  the  efficiency  of  the  apparatus  are  in 
place.  In  most  of  the  experiments  made  the  torsional  deformation  is  so 
oreat  that  special  fiducial  marks  to  register  the  possible  motion  of  the 
fixed  pieces  gh  and  kl  are  superfluous.  Indeed,  for  fugles  as  large  as 
those  observed,  Gauss's  method  of  angular  measurement  is  no  longer 
conveniently  applicable,  because  of  the  number  of  corrections  which  be- 
come essentia],  and  in  future  measurements  it  will  be  expedient  to  use 
other  methods.  The  large  deflections,  however,  made  it  possible  to  use 
the  Gauss  method  even  when  the  apparatus  is  thrown  into  unavoida- 
ble vibration ;  for  instance,  when  the  upper  wire  is  surrounded  by  boil- 
ing mercury.  In  the  present  work  it  did  not  seem  necessary  to  take 
special  precautions  for  jacketing  the  lower  wire.  Its  temperature  is 
that  of  the  surrounding  air,  very  nearly,  and  it  is  not  heated  b}"  radia- 
tion. In  the  case  of  steam  and  of  aniline  vapor,  the  length  of  the  hot 
part  of  the  upper  wire  is  sharply  measurable,  but  in  the  present  work 
this  could  not  be  so  satisfactorily  done  for  mercury  vapor.  Eegarding 
the  mode  of  heating,  there  are  two  methods  available:  the  wire  may 
either  be  heated  and  the  twist  then  applied,  orthe  wire  may  be  twisted  to 
the  desired  amount  before  heating.  The  former  of  these  methods  elim- 
inates the  time  error,  but  it  is  difficult  to  obtain  an  accurate  reading 
for  the  zero-point,  i.  e.,  the  scale  reading  for  the  twisted  system  before 

'Jiall.  U.  a.  Oeol.  Survey  Xo.  54,  p.  8G  et  eaq.,  whero  the  form  of  boiling  tube  used  is  fully  isiven. 
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heat  is  applied.  Hence  the  other  method  was  adopted,  in  which  the 
iuvariability  of  the  zero  referred  to  can  be  satisfactorily  tested  before 
each  experiment.  The  error  is  the  time  consumed  in  heating  the  wire, 
and  in  the  second  part  of  the  observation,  the  time  consumed  in  cooling 
the  wire  after  heating.  Special  means  for  cooling  were  not  applied. 
When  the  motion  is  great,  it  is  desirable  to  have  the  index-mirror  ad- 
justment light,  though  the  device  used  was  not  perhaps  objectionably 
heavy. 

The  immediate  effect  of  heating  the  upper  wire  is  an  expansion  of  the 
system.  Hence  if  the  part  of  the  lower  fixed  brass  cylinder  kl,  along 
whicli  the  pin  q  is  free  to  slide,  be  not  plane  and  true,  there  will  be  a 
tendtMicy  to  rotate  the  system.  If,  however,  the  twist  be  alternately 
a])plied  positively  and  negatively,  this  expansioh  error  is  eliminated  by 
commutation.  This  safeguard  was  invariably  applied.  When  the  twist 
stored  amounts  to  ISO^for  each  wire,  its  sign  may  often  be  reversed  and 
readings  may  be  made  without  necessarily  readjusting  the  mirror. 
For  smaller  twists  the  mirror  must  be  readjusted.  Larger  twists  were 
not  applied  because  of  liability  to  permanent  set  of  the  wire  so  twisted. 

55.  The  wires  used  are  Stubs's  best  steel,  hardened  and  tempered 
electrically,  as  described  elsewhere.^ 

A  few  words  relative  to  the  technical  terms  used  to  designate  the 
temper  of  steel  may  here  find  place.  Prof.  Roberts-Austen*  has  endea- 
vored to  give  defiiiiteness  to  .the  notation  by  proposing  that  the  opera- 
tion by  which  steel  is  made  as  soft  as  possible  (heating  to  redness  with 
very  slow  cooling)  be  termed  "annealing^';  whereas  operations  by 
which  any  other  degree  of  hardness  between  extreme  hard  and  extreme 
soft  is  imparted  to  steel,  be  termed  "tempering".  From  a  physical 
point  of  view  I  see  little  importance  in  such  a  distinction,  except  per- 
haps that  under  annealing  exceptionally  slow  cooling  is  implied — i.  e.,  to 
anneal  steel,  it  is  essential  to  cool  the  hot  metal  much  more  slowly, 
than  is  usually  necessary  in  tempering.  Otherwise  an  extreme  of  soft 
state  will  not  be  obtained.  In  general,  however,  since  in  any  case  of 
tempering  it  is  necessary  to  act  on  a  rod  of  a  higher  degree  of  hardness 
than  the  one  to  be  produced,  it  makes  little  dili'erence  whether  the  rod 
be  described  as  having  been  tempered  at  a  temperature  x,  during  a 
time  y^  or  annealed  at  a  temperature  x^  during  a  time  y.  Sufficiently 
slow  cooling  after  the  heating  is  evidently  and  always  understood.  In 
short  the  whole  process  is  continuous  in  character,  and  a  rod  tempered 
at  red  heat  is  virtually  annealed.  Hence  in  the  present  work  I  have 
not  thought  it  needful  to  discriminate  between  annealing  and  temper- 
ing, and  I  use  the  words  interchangeably. 

56.  Theory  of  the  apparatus. — In  a  general  way  the  theory  of  this  ap. 
paratus  is  similar  to  that  given  in  Chapter  I,  §  31.  There  are  special 
points  however  to  which  it  is  necessary  to  call  attention  specifically.    In 

>  Cf.  above,  Chapter  I,  $  8  et  seq.    Also  BulL  U.  S.  Geol.  Sarvey,  No.  14, 1885,  p.  29i 
*  Kature^  toL  41. 1889.  pp.  11, 42. 
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the  bifilar  su^peusiou  the  twist  heliccH  of  the  two  wires  were  right  handed 
and  left  handed  respectively.  Fn  the  present  iiistaiico  the  sign  ot  the 
twist  is  the  same  throughout  its  length.  Given  a  continuous  straight 
steel  wire  of  length  X,  to  which  a  convenient  rate  of  twist,  t,  has  been 
imparted.  Consider  two  right  sections  whose  distance  apart  is  the  unit 
of  length,  and  let  2(^  be  the  amount  of  viscous  angular  motion  of  the 
first  relative  to  the  second,  during  the  given  small  time  <,  for  the  stated 
rate  of  twist  r.  To  fix  the  ideas,  let  the  wire  be  adjusted  vertically,  and 
provided  with  an  index  to  register  angular  motion  at  a  distance  I'  above 
the  lower  end.  At  every  section  the  viscous  motion  is  such,  that  if  the 
contiguous  parts  immediately  below  the  section  slide  in  a  given  direc- 
tion, the  parts  immediately  above  it  slide,  in  equal  amount,  in  the  oppo- 
site direction.  Again,*of  the  two  equal  and  opposite  viscous  motions 
which  take  place  on  any  section,  only  the  part  nearest  the  index  will 
influence  it.  Finally  throughout  the  whole  viscous  detorsion  the  twist 
is  kept  constant  throughout  the  wire  in  virtue  of  its  elasticity. 

In  Fig.  2L  I  have  developed  the  conditions  which  here  obtain,  on  a 
plan  similar  to  that  described  in  §  31.    The  length  of  the  two  wires  A 

and  A'y  is  shown  at  fd=V  and  da=lf  re- 
spectively, so  that  af=zl+V=L,  Again 
gf=:  Tpj  where  T  is  the  twist  lor  the  length 
L  and  p  the  common  radius  of  the  wires. 
Hence  gfis  small  as  compared  with  of. 
The  developed  position  of  the  twisted  fiber 
is  shown  at  ag^  so  that  tan  gaf  is  the  twist 
T=Lt.  Virtually  af  and  ag  are  equal  in 
length  and  the  position  of  the  index  is  at 
d  or  the  corresponding  point  of  junction  b. 
Consider  the  viscous  sliding  which  takes 
place  on  the  two  end  faces  of  the  element- 
ary cylinders  dx  and  dx^^  distant  x  and  x' 
respectively  from  the  lower  end  of  the 
system.  Then  in  a 'very  short  time,  the 
originally  straight  fiber  abg  is  changed  to 
a  broken  line  amnhj  hm'n'g.  Here  fitn=: 
2<pdx^  imfn'ss^cpfdxf^  and  bh=zdtf).  If  Jc  be 
the  point  of  intersection  of  the  broken  line  amnm'n'g  and  the  straight 
line  a</,  let  bk^y.    Then  an  inspection  of  the  diagram  shows 


Fig.  21. 


2q>dx    l+y      ^  2q/dx'    V-^y 

— Sr; — ^^ — '-  and  — Ti — = 

dtf?        y    "*  "^     dtf?  y 


(1) 


If  for  y  its  geometrical  value  in  terms  of  L,  I,  x,  a/,  etc.,  be  inserted, 
and  if  for  brevity  2<pdx=a  and  2<p'dx'=a'j  the  following  relation  results: 


a—a'  _  2{L+X''X')-'L{a+a')/a 


(2) 
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Uufortunately  this  is  too  complicated  for  use  except  where  L=i2l=:2l\ 
or  where  the  two  wires  of  the  system  are  of  eqaal  leugth  with  au  index 
at  the  point  of  JQDctioD.    In  this  esdae  (pdx^g/dx'ssdif} (3) 

57.  This  iiremised,  the  conditions  of  experiment  may  at  once  be  iiitro- 
daced.  Let  the  parts  of  the  wire  below  the  index,  the  parts  whose 
position  is  0  to  i'  be  kept  at  a  given  constant  temperature,  and  be  of. 
the  same  temper  throughout.  Also  let  those  parts  of  tlie  system  above 
the  index  be  of  the  same,  or  any  other  uniform  temper;  but  sui>pose 
them  heated  to  different  constant  temperatures.  Thus  let  the  vis(*.ous 
detorsion  between  ap==0  and  x=V  be  2^';  between  x=V  and  a?=y^  be 
29)3;  between  x=ft  and  x=:a  be  2^;  between  x=a  and  xr=L  be  2^i. 
The  differences  ^i,  9?,  ^  are  evoked  by  differences  of  temperature  of 
^he  parts  of  the  wire  to  which  these  data  refer,  whereas  (p'  m:iy  differ 
from  ail  of  these  by  an  increment  of  temper  as  well  as  of  temperature. 
Then  the  influence  of  the  viscous  detorsion  in  each  of  the  parts  in  ques- 
tion on  the  index  whose  position  is  x=zl'  will  be  in  the  aggregate 

• 

Equation  (4)  results  at  once  from  a  suitable  integration  of  (3). 

In  the  present  chapter  (p2=s(pi=i(p^j  since  the  tempers  and  tempera- 
tures of  these  parts  are  alike.    Hence 

^=(9>-9/)(a-/?) .(6) 

It  will  usually  be  convenient  to  put  a— /?=a. 

68.  If  a  series  of  detorsions  (p  be  observed  at  ^,  and  another  series, 
0y  at  0^;  if  (p=:<poF{6)  and  tp=n  /2B  (Gauss's  method  of  angular  mea- 
surement), then  (po(F{0)^F(6))=(N'-n)  / RL^  where  R  is  the  distance 
between  mirror  and  scale  in  cm  and  where  N  and  n  are  the  scale  parts 
{ein)  corresponding  to  ©^  and  ^,  respectively.  Hence  the  distance'  of 
the  individual  curves  for  @^  and  d^-  apart  varies  directly  as  ^.  Tliis 
result,  though  simple  enough,  has  special  bearing  on  the  text  below. 

59.  Digression, — In  the  interest  of  certain  correction  to  be  applied  to 
some  of  my  early  results,  I  will  inquire  what  correction  is  to  be  applied 
when  the  elastic  restitution  which  accompanies  viscous  motion,  is  dis- 
regarded.   In  this  case  the  differential  equation  corresponding  to  (3)  is 

d^.=:~(pdx (3') 

X 

and  equation  (4)  is  replaced  by 

^=I'(^^2»-+9>i»^+^2«j7j-i9/inp     ....    (40 

Equation  (5)  finally  by 

^^l((p'^(pf)ln-g     .    .    - (5) 

Thus  to  reduce  such  data  as  are  given  in  tables  42  to  61,  if  calculated 
by  (50  to  data  calculated  by  (6),  the  factor  would  be  0-66'^  fot  tdXAe&^'l 
to  54,  the  factor  would  be  0*78,  etc.,  or  in  general  Ina  /  p« 
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EXPERIMENTAL   RESULTS. 

60.  Residual  twist — The  foUowiiipr  experiiuents  have  an  introductory' 
and  suggestive  character.  Two  glass-hard  wires  with  their  ends  bent 
loop-shaped  are  fastened  firmly  together  at  oqe  end  of  each.  The  other 
ends  are  twisted  t<^  against  each  other  and  also  fastened.  This  twisted 
^system  of  glass-hard  wires,  or  system  in  which  a  rate  of  twist  of  3^  or  6<^ 
has  been  stored,  are  then  annealed  at  divers  temperatures  during  stated 
limes  as  shown  in  the  tables.  The  amount  of  twist  lost  during  anneal- 
ing is  measured  by  determining  the  angle  between  the  planes  of  the 
upper  and  lower  loops  of  each  wire  before  and  after  annealing.  A  gal- 
lows arrangement  by  which  a  needle  is  suspended  over  a  divided  circla 
by  the  steel  wire  itseU'  is  used  for  measurement. 

The  tables  contain  the  number,  length  (L)  and  diameter  (2p)  of  th& 
glass-hardwires  used  for  each  couple ;  also  the  temperature  and  the 
time  (h)  in  hoars,  during  which  the  couples  are  annealed.  They  con- 
tain, furthermore,  the  amount  of  viscous  detorsiou  (z/i,  ^s)  or  twist  lost 
during  annealing,  for  each  ot  the  times  specified,  and  each  of  the  wires; 
finally,  the  amount  of  twist  stored  in  each  wire  of  the  system.  This 
amount  is  equal  to  the  twist  nominally  applied,  minus  the  angle  be- 
tween the  plane  of  the  loops.  Allowance  is  made  for  the  amount  of 
permanent  set  produced  by  mere  maniimlatory  twisting  of  the  cold 
wires.  When  this  exceeds  10°,  the  /I  is  discarded.  The  error  of  an- 
gular measurement  is  probably  not  greater  than  a  few  degrees. 

In  the  second  part  of  the  table  the  wires  8  and  T  are  soft. 
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61.  This  table  coutaiDs  results  wfaicli  may  be  expressed  as  follows: 
the  viscous  detorsion  produced  by  the  actiou  of  any  temperature  ou  a 
twisted  system  of  glass  hard  steel  wires,  increases  at  a  rate  gradually 
diminishing  through  infinite  time,  diminishing  slowly  in  case  of  low 
temi»eratures  (<100O),  rapidly  at  first  and  then  again  slowly  at  high  tem- 
peratures (>20lo) ;  so  that  the  residual  twist  corresponding  to  any  given 
temperature  is  reached  asymptotically.  Moreover,  the  strain  carried 
by  the  glass-hard  twisted  system  is  almost  completely  annulled  when 
the  temperature  at  which  annealing  takes  place  exceeds  350o.  These 
results  are  strikingly  similar  to  the  thermoelectric  effect^  produced  by 
annealing  glass-hard  steel,  that  the  present  purely  mechanical  result 
may  safely  be  used  to  interpret  the  electrical  result :  in  both  experi- 
ments we  observe  strains  disappearing  under  like  conditions. 

The  table  contains  another  important  result:  by  comparing  the  second 
part  of  the  table  with  the  first,  it  appears  that  the  efi'ect  of  temperature 
in  decreasing  the  viscosity  of  steel  is  greater  in  proportion  as  steel  is 
harder.  For  where  the  twist  is  stored  between  two  glass-hard  wires 
it  is  found  to  have  almost  completely  vanished  after  annealing;  but 
where  the  same  twist  is  stored  between  two  soft  wires  less  than  one- 
third  of  it  has  vanished  after  annealing.  The  curious  inference  that  io 
so  far  as  its  viscous  properties  are  concerned,  steel  is  much  more  sus- 
ceptible to  temperature  when  it  is  hard  than  when  it  is  soft,  will  be 
carefully  discussed  in  the  following  pages  by  aid  of  the  apparatus 
already  described. 

In  Fig.  22  I  have  shown  graphically  the  results  reached  by  annealing 
twisted  systems  of  glass-hard  wires  at  3(50o.  The  form  of  the  wire  be- 
fore annealing  is  given  at  (7,  the  shape  being  that  of  an 
elongated  0.  This  same  wire  is  then  twisted  to  the  form  of 
an  elongated  8^i\d  then  annealed  in  this  twisted  condition. 
Alter  annealing,  the  cold  wire  will  be  found  to  be  per- 
manently S-shaped,  all  temporarily  stored  twist  having 
vanished  during  the  exposure.  This  shows  that  hard  steel 
during  the  period  of  occurrence  of  the  annealing  in  ques- 
tion, is  almost  a  viscous  fluid. 
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62.  Notation, — The  data  of  the  following  thirteen  tables 
give  a  clear  description  of  the  viscosity  of  steel  for  tem- 
peratures between  0^  and  400°,  and  for  all  degrees  of  hard  . 
ness.    These  data  are  readily  intelligible.     6  denotes  the       Q  •  O 
temperature  of  the  hot  part,  &'  the  temperature  of  the  cold        ^*«-  22. 
part  of  the  wires  in  the  apparatus  (PI.  I).    The  distance  between  mirror 
and  scale  was  360*^"*  throughout.   X,  l^  /?,  a,  have  the  signification  already 
given,  being  the  total  length  of  system  of  two  wires,  the  distance  of  mirror 
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above  their  lower  end,  the  length  of  their  cold  and  of  their  hot  parts,  re- 
spectively, in  centimeters.  Hence  a=a— /?.  The  tempers  of  the  rods 
(diameter  2p)  are  expressed  by  the  temperature  at  which  the  originally 
glnss-hard  rod  was  annealed.  Soft  rods  are  annealed  at  red  heat.  The 
tabular  arrangemeut  coutaius  the  date  and  the  time  {ha)  in  hours  and  frac- 

tionsofanhour,of  I  ach  of  the  angular  detorsions(^—<^')9ii<i'^^^i^^i^-  ^^ 
has  been  defined,  §§  31,  50.  It  denotes  the  angular  viscous  motion  be- 
tween two  right  sections  of  the  hot  wire,  whose  distance  apart  is  the  unit 
of  length,  when  the  temperature  of  the  included  wire  is  0^  and  the  origi- 
nal rateof  twist  is  t  for  the  given  diameter  2p.  2<p'  has  the  same  meaning 
for  the  cold  wire.  Identical  signs  of  r  and  (^— <^')  refer  to  angular  mo- 
tions in  the  same  sense,  and  since  r  and  {(p—q)')  agree  for  the  cold  rod 
this  is  invariably  of  greater  viscosity. 
63.  Viscosity  at  lOO^. — The  data  in  hand  are  given  in  Tables  42  to  47. 

Tablb  42. 


,=,0,0,  .,=80..  iz»2=:  i=^:  «««>»=  gU'"S}2p=«'«^- 


Date. 

K 

10* 

Feb.  18,  0*  53- 

0  56 

1  00 
15 
45 

2  45 

3  50 

4  30 

4  33 
44 

54 
19,  9  30 

000 

0-05 
0  12 
0-37 
0-87 
1-87 
2  95 
3-63 

8-67 
3P5 
402 

20  67 

0-00 

—1-04 
—1-10 
— 1-2-' 
-1-43 
— l-Ul 
—1-81 
—1^7 

— 1-85 
— loC 
— 1-40 
-124 

• 
>  Steam  on. 

^  Steam  off. 

19,  1*  17- 

1  26 
56 

2  14 
40 

UOO 

013 
0  65 
0-95 
1*38 

—0-00 

-1-14 
-1-29 
—1-35 
—1-40 

t 
» Steam  OD. 

Date. 


Feb.  19,  2» 
3 


44" 

00 
25 
55 


24, 10^ 
10 
II 


12 
1 


2 
3 


42" 

45 

59 
12 
27 
59 
23 
15 

22 
30 
50 
12 
30 


Ao 

10» 

1-45 

—1-30 

>  Steam  off. 

1-72 
213 

-116 
—  -69 

3-63 

—  -63 

000 

+000 

: 

0-05 

•75 

* 

0-20 

106 

0*50 

116 

- 

075 

1-20 

>  steam  on. 

1-30 

1-26 

1-66 

1-28 

2-50 

1-30 

) 

2-65 

1-08 

■ 

280 

•89 

3-13 

•76 

>  Steam  off. 

8-50 

•67 

4-80 

•63 

*  r  (culd  rod)  —  6^,  imparted  after  beating, 
t  r  (oold  rod)  —fP^  imparted  before  heatixi){. 
I  r  (cold  rod)  -|-  0<',  imparted  before  heating. 
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Table  43. 


#=1000; 

»'=20O. 

a  =  26«». 
2i  =  60«-. 

I  =  30^.    p   ,        No.  8,  ann' 
^  =  34'-.    ""**"•     No.  4,  anu' 

Id,  lOOo  Qh 
Id,  lOQo  Qh 

1  2p  =  0-082-". 

Date. 

^1 

10» 

Date. 

ho 

10» 

Feb.  24,  4''  3G«» 

0.00 

—  0-00 

* 

Feb.  26,10*02- 

000 

000 

: 

4  43 

0.12 

-  805 

1 

10  10 

0  13 

-  7  97 

' 

45 
55 

0.15 
0.32 

—  8-75 

—  8-81 

>  Steam  od. 

15 
20 

0-21 
0-30 

—  8  84 

—  9-80 

5   10 

0.57 

—10-61 

J 

25 

0-39 

—10-42 

80 

0-46 

-10-95 

'- 

5   15 
25.   9  40 

0.65 
17.07 

—  8-2\ 

—  6-95 

1  Steam  off. 

44 

55 

11   04 

16 

0-70 
0-89 
1-03 
1-22 

-1-216 
-12-86 
—13-31 
—13-89 

>  steam  on. 

25, 10^  00" 

0.00 

0*00 

t 

10  06 

0.10 

6-91 

■ 

43 

1-70 

-1489 

10 

0.18 

9-40 

67 

1-92 

—15-38 

20 
25 

0.32 
0.42 

12-09 
13-06 

>  Steam  on. 

12  55 

2-87 

-16-80 

30 

0.50 

13-41 

1  09 

3-10 

—16-08 

1 

34 

0.50 

13-80 

■ 

30 
55 

8-41 
3-88 

—15-64 
15-56 

>  Steam  off. 

45 

0,75 

13-21 

] 

t  12 

516 

—16-16 

J 

11   00 

l.OQ 

12-71 

28 

1.47 

12-47 

>  Steam  off. 

1   40 

3.67 

1227 

26,   9  37 

23.62 

1-2-03 

0-= 


*  T  (cold  rod) — 6®  imparted  before  heating. 

t  r  (colli  rod)  +6°  impartial  before  heating,  immediately  after*. 

it  (cold  rod)  — e*)  imparted  before  heating,  immediately  after t. 

TabLK  44. 

lOOO;  •'=200;  a=20»;  l=30";  jD  =  60«;  ^=34«-.    Rods:  No.  5,  annealed,  190o,  2*:  2J^o.6,  an. 

noaied.  190o,  2"';  2p =0-082*-. 


Date. 


Feb.  26,  3*57- 
4  15 

4  20 
25 
34 
40 
51 

6   10 


5  17 
28.   9   52 

28,   9''5d" 
10  20 

10  27 
34 
41 
51 

11  02 
33 
54 

12  17 
50 


04 
15 
26 
42 


12,   1*49" 
2  05 

2  16 
20 
30 
85 
51 

t  13 
20 
45 


h. 


0-00 

009 
0-17 
0  32 
0-42 
0-60 
0  92 

1-03 
41  62 

boo 

0-12 
0-23 
0-35 
0'5-i 
0-70 
1-22 
1-57 
1-95 
2-50 

273 
292 
3-10 

3-:{7 


O'OO 

0-17 
0-25 
0-42 
0-50 
0-77 
1-12 
1-25 
1-67 


(0-^')X 
10* 


0-00 
0-00 

-3-22 
-3  80 
-4-50 
-4-79 
-510 
-5-50 

-6-02 
-3-84 

000 
000 

2-41 
634 
6-02 
655 
6-06 

7-r.o 

7-87 
8-13 
8-42 

7-52 
7-21 

7-07 
^07 

o-6o 

0-00 

-4-04 
-4-86 
-574 
-6-03 
-«-57 
-6-96 
-7-20 
-7  53 


^  Steam  on. 


Steam  off. 


t 


^  Steam  on. 


Steam  off. 


^  Steam  on. 


Date. 


Feb.  28,   3*55- 
4  05 
54 

Mar.    6, 10"  20- 


10  26 
30 
35 
44 
56 

11  01 
06 
13 
23 
31 


6, 11*  33- 

11  85 
54 

12  03 
11 

12  15 
24 
85 

45 


6,   1*46" 

1  52 

2  03 
08 
15 
24 

9  31 

41 

51 

8  11 


1-83 
2-00 
2-8-2 


0-00 

0-10 
016 
0-25 
0-40 
0-60 

0-08 
0-76 
0-88 
0-05 
118 

0-00 

0-06 
036 
0-50 
0*63 

0-70 
0-85 
103 
1-20 

0-00 


10 
28 
37 
48 
63 


0-75 
0-92 
-08 
-41 


1- 
1- 


(♦-^')X 
10» 


-6-86 
-6-48 
-612 


ITOO 

-1-69 
-1-95 
-205 
-2-10 
-2-30 

-1-93 
-1-59 

-1-27 
-104 
-  -'H 

'6-00 

2-04 
5-12 
563 
6-74 

6-52 
601 
4-74 

4^8^ 
-000 

-2-84 
-4-97 
-5  27 
-5-51 
-6-75 

-5-32 

-4-75 
-4-51 
-4-33 


Steam  off. 


>  Steam  on. 


1 
I 
}•  Stcnm  off. 


I 


Steam  on. 


^  Steam  off. 


: 


1 


>  steam  on. 


i 
I 


Steam  off. 


*T  (cold  rod)  —  6°,  inipait«'d  before  beat  hie. 

fr  (cold  ro(i)-h6°,  imptrttnl  bftbro  beating,  \mmwV\at«j\y  «i^Xc5T*% 

/r  (cold  rodi-    ffo,  impntted  before  he$^Uu|(,  lmmed\aU\y  «klV«lN» 
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Table  45. 

r=l6oo;   r=20O;   a  =  26"";  6  =  30«»;  X  =  60«";  1:=34"».     Rrida .  No. 7,  annealed,  360° ;  No.  8, 

nealed,  300°;  2p  — 0-083«"». 


Date. 

Ao 

10* 

Date. 

h« 

1U» 

Mar.  1.  lO*  so- 

0*00 

0-00 

(•) 

1 

Mar.    t  2*  09- 
35 

0-4S 
0!)2 

—2  95 
—3-22 

1 

lo   85 

008 

lU 

1 

'Steam  on. 

8   04 

1-33 

—3-36 

>  Steam  on. 

47 

0-28 

1-79 

24 

1-73 

— 3-4.T 

59 

0-48 

1-lH 

43 

2  0.J 

— 3-4y 

11    12 

0-70 

1-99 

22 

0-87 

2-03 

4    55 

2-2.1 

—2-97 

) 

45 

1-25 

211 

5   03 

2-40 

—2.77 

>  Stf^am  off. 

12   00 

1-50 

2-15 

J 

25 

2-75 

-2-58 

) 

1,   4"  40- 

0-uo 

000 

C) 

12    15 

1-75 

1-52 

1     . 

57 
1    17 

2-45 

2-78 

1-20 
1-17 

>  Steam  off. 

4   47 
55 

010 
0-25 

1-55 
2-31 

37 

312 

1-16 
000 

J 

5    05 
15 

0-42 
0-58 

2-63 
2-75 

>  Steam  on. 

1,     l"*©- 

0-uu 

(t) 

47 

012 

-1-42 

) 

5   22 

0-70 

2-45 

[ '  Steam  off. 

61 

0-18 

—2-27 

>  Stean)  on. 

2,   9"  42- 

1703 

1-65 

58 

0-30 

-2-70 

) 

*  T  (cold  rod)  +6°,  imparted  before  heating:. 

t  T  (cold  rod)  — 6°,  imparted  before  heating,  immed{atel3-  after*. 

t  r  (cold  rod)  +  6^,  imparted  before  heating,  immediately  afur  f. 


«  Table  46. 

tf=100O{  •'=200;  £  =  eO*-;  l=30«-:  0=20™;  /3  =  34'-.    Rods:  No. 9, annealed,  480O;  No.  10,  annealed 

480O;  2p  =  0-083«"«. 


Date. 

1h 

10» 

Date. 

ht 

(*-*';  X 

10» 

Mar.    2,10*  53- 

0-00 

0-00 

o 

Mar.    8, 10*  05- 
10 

0-05 
0-13 

•94 
1-63 

• 

11   00 

0-07 

•00 

15 

0-21 

1-85 

10 

017 

1-42 

25 

0-38 

1*91 

^  Steam  on. 

21 

0-28 

1-53 

81 

0-48 

r97 

31 
40 

0-38 
0-47 

1-60 
1-64 

>  Steam  on. 

43 

11    02 

0-68 
100 

2-00 
2-07 

58 

1-05 

1-68 

12   15 

1-22 

1-71 

11    07 

108 

184 

' 

55 

202 

1-44 

15 

121 

150 

1    00 

207 

1-55 

X 

25 
37 

i:w 
1-55 

1-26 
113 

'  Steam  off. 

07 

214 

1-26 

55 

1-88 

105 

1   24 
34 
43 

2-31 
2-41 
2-60 

•96 
•89 
•85 

>  Steam  off. 

12    02 

2-00 

103 

■ 

3.12*  12- 

0-00 

0^00 

(5) 

2   00 

3-07 

•81 

12   17 
22 

O'OS 
0-lfl 

—1-23 
—161 

" 

2,   2"  05- 

0  00 

000 

(t) 

28 

0*26 

-1-45 

2    14 

0-1 6 

-1-26 

' 

33 

0-35 

-1-84 

19 
24 

0-23 

0-31 

—1-66 
— 186 

44 
55 

0-53 
072 

— 1-92 
-1-97 

^  Steam  on. 

82 

0-45 

-1-99 

>  Steam  on. 

1    08 

0-90 

-202 

45 

0-68 

—2-08 

19 

110 

—2  05 

3   00 

0-92 

— 2ir> 

30 

1-30 

—2-07 

08 

105 

—2-18 

66 

1-74 

—2-10 

15 

116 

-2-21 

2   00 

1-80 

—1-92 

* 

S  23 

1-30 

-1-85 

' 

06 

1-90 

-1-65 

82 

88 
47 

1-45 
1-55 
1-70 

-1-54 
—1-41 
—1-31 

>  Steam  on. 

12 
22 
33 

200 
216 
2-35 

-1-46 
—1-30 
—1-20 

'  Steam  off. 

58 

1-88 

—1-25 

49 

2-61 

—1-15 

4    11 

2-10 

-1-21 

■ 

3, 10*  02- 

0-00 

000 

C) 

•  T  (cold  rod)  +  6°,  imparted  before  heating. 

t  r  (cold  rod)  —  6<>.  imparted  before  beating,  immediately  after  \ 

X  T  (cold  rod)  -f-  6°,  imparted  before  boating. 

f  r  (cold  rod)  —  O^i  imparte^l  before  heating,  immediately  after  l» 
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Table  47. 

•=100O;  «'=203;  a=2(K»;  1=30^;  ^=60™;  ^  =  34«».    Rods:  No.  11,  soft;  No.  12,  soft;  2p=0-082«. 


Date. 

K> 

10» 

Mar.    4,10»  OH- 

0-00 

0-00 

(*) 

IO   13 

008 

1-05 

X 

18 

0-16 

1-4:. 

24 

0*28 

1-56 

33 

0-41 

1-61 

• 

47 

0'«5 

1-68 

>  Steam  on. 

57 

0-83 

1-73 

11    12 

106 

J -79 

20 

1-20 

l•8:^ 

40 

1*53 

101 

4 

11    45 

162 

1-76 

) 

11   65 

1-78 

1-34 

12   05 

1-95 

1-2G 

>  Steam  o£ 

15 

211 

119 

1 

29 

2-35 

118 

J 

Date. 


Mar.    4, 12*  89- 
1   40 


"4,   1*  57- 

3  04 
09 
19 
28 
40 

8   06 

8  10 
16 
24 
83 
44 


2-85 
853 


000 


0 
0 
0 
0 
0 
1' 


11 
20 
36 
51 
71 
15 


1-21 
1-31 
1*45 
1-60 
1-78 


10» 


108 

0-bo 

-1-69 
-1  03 
-2- 11 
-213 
-217 
-2-24 

-2U 
-1-85 
-108 
-1-58 
-1-52 


?  Steam  off. 


<t) 


s  Stciira  OD. 


1 


Steam  oft 


*  r  (cold  rod)  +  6^,  imparted  before  beating. 

t  r  (cold  rod)  —  6^,  imparted  before  heating,  immediately  after  *. 

In  PL  II  I  have  represented  the  resnlts  of  these  Tables  42  to  47 
graphically,  {(p—ip^)W  as  a  fonction  of  time.  The  plate  therefore  shows 
the  amount  of  viscous  deformation,  at  100^,  for  ench  of  the  stairs  of 
temper  in  question.  The  numerals  in  brackets  indicate  the  number  of 
twists  applied,  alternately  in  opposite  directions.  It  is  significant  that 
in  proportion  as  harder  wires  are  operated  upon,  the  (2)  twist  is  in  ad- 
vance of  the  first,  the  third  being  usually  intermediate  as  re^^ards 
\dscou8  deformation.  Even  in  case  of  190^,  tbe  oscillatory  etiect  of 
counter-twisting  is  marked.  It  is  obscure  in  soft  rods.  All  this  has  an 
important  beariug  on  the  discussion  in  Chapter  III,  where  the  phe- 
nomenon of  ** accommodation"  is  discussed.  It  may  be  noted  that  the 
two  parts  of  Table  44  are  not  immediately  continuous  j  hence  the  differ- 
ence of  behavior  of  parts  (I),  (2),  (3),  and  parts  ^4)',  (5)',  (6)'  of  the 
table. 


64 


THE   VISCOSITY   OF   SOLIDS. 


[ltULL.73. 


64.  Viscosity  at  lOO^.  ^The  data  in  linnd  are  as  follows: 


Tablr  48. 

•=nl90O}  •'=200;  a=20-j  lasSC— j  i=80«;  p=34«».    Rodii:   iro.6,  annealod,  10(K>;  No.  6.  an- 
nealed, 190O;  2^^0-082». 


Date. 

K 

10« 

Bate. 

K 

10» 

Mar.   7,  9^  65" 

000 

O'OO 

(•) 

Mar.   8,  9"  60- 

53 

0*86 
0-30 

0-81 

10-70 

■ 

10    00 

008 

—  4-97 

1 

66 

0-35 

11-09 

04 

0-15 

-14-80 

>yaporon. 

10    00 

0-42 

12-26 

10 

0-25 

— 12-89 

08 

056 

13-68 

>  Vapor  on. 

19 

0-40 

-15-81 

J 

15 
27 
40 

0-67 
0*87 
1-08 

14-48 
15-94 
17-11 

7, 12"  37- 

0-00 

0-00 

(t) 

12    88 

010 

14-81 

■ 

47 

1-20 

17-89 

■ 

88 
40 

015 
0*22 

22-98 
20*83 

'Yaporon. 

11    00 

1-42 

17-11 

) 

42 

0-26 

28-36 

20 

1  75 

16-73 

>  Vapor  off. 

12    66 

1    40 

0-47 
1-22 

27-01 
26-23 

1  YapofT  off. 

65 

2-33 
0-UO 

0-13 

16-63 
000 

-7-23 

J 

8,12"  00- 
08 

(tt) 

7,  ftl*  ^5- 

0-uo 

oou 

C) 

10 

0*17 

—  8-34 

8    46 

017 

— 11-42 

\ 

12 

0-20 

—  9-12 

47 

0-20 

-12-26 

15 

0-25 

—  9W» 

63 
8    10 

0-30 
0-58 

-13-48 
—15-40 

>YapoTon. 

18 
21 

o-;,o 

0-3.J 

—10-71 
—11-28 

19 

0-73 

-15-71 

25 

0-42 

-1195 

'^  Vapor  OB. 

43 

113 

—14  28 

3 

80 
35 

0-60 
0-58 

—12-68 
—13-34 

8    53 

1*30 

— 16'99 

•% 

40 

0-67 

-13  85 

4    07 
4.'» 

1'53 
2-17 

-16-68 
— lC-58 

►  Vapor  off. 

46 

50 

0-75 
0-83 

-14-29 
-14-69 

8,   9    (0 

18-42 
0-00 

-l«-58 

t    00 
1    12 

1-00 
1-20 

—15-86 
—14-80 

) 

8,   9"  35- 

0^0 

(5) 

9    43 
45 

013 
0-17 

4-14 
6-54 

>Yaporon. 

80 
46 

1-50 
1-76 

—14-49    ^  Vapor  off. 
-14-45    J 

48 

0-22 

8-85 

$ 

•  T  (cold  rwl)  —  eo,  imparted  before  heating, 
t  T  (cold  rod)  +  6o,  imparted  befoi-e  lieating,  immediately*  after  *. 
X  T  (cold  i-od)  —  3<',  imparted  before  heating,  immediately  after  t. 
§  T  (cold  rod)  +  30,  Imparted  before  beating,  immediately  after  t« 
11  r  (cold  rod)  —  8^,  imparted  before  heating,  after  ^. 

Table  49. 

•=t00O;  8^=200;  a=20»;  I=80«;  2;-=60<»;  ^=34«.    Bods:  No. 7, annealed, 86O0 ;  No. 8, annealed, 

360O;  2^:i0  082«-. 


Date. 

^l 

(♦-♦OX 
10« 

— - 

Date. 

^l 

(♦-♦')  X 
10» 

Mar.     8.2"  11- 

2   20 
25 
36 

8    05 

8    12 

35 

0-00 

0-15 
0  23 
0-42 
0-90 

102 
1-40 

000 

209 
2-47 
2-63 
2-77 

2-26 
1-86 

0 
►  Vapor  on. 

1  Vapor  off. 

Mar.    8,  6^  Ol- 
io 

1-33 
1-48 

-2.67 
—234 

?  Vapor  off. 

9,  9"  27- 

9    82 
40 

10  85 
48 

11  02 
07 
17 
26 

0  00 

0-08 
0-21 
1-18 
1-35 

1-58 
1-66 
1-83 
10^ 

0-00 

•84 
2-01 
8-01 
304 

2*29 
2-19 
$•09 
2-p5 

(D 

1 

>  Vapor  on. 
Vapofofff 

8,8"  41- 

8    60 
67 

4    08 
26 
62 

0-UO 

0-15 
0-27 
0-45 
0-75 
118 

000 

—2-26 
—2-99 
-3  21 
-8-25 
-8'32 

(t) 
» Vapor  OQ 

*  r  (cold  rod)  +  3<>,  imparted  before  heating. 

t  r  (cold  rod)  —  30,  imparted  before  heating,  immediately  alter  *. 

^  f  ^poJ4  rod;  f  3<>,  imparted  before  bea^i^g,  immediateljr  afkr  \\ 
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Table  50. 

«  =  igOo.  «'=:20O;  a  =  2G«;   l  =  30«";  irrCO*";   ^  =  34«".     llodsi:   No.  9.  aiincale(),450O;  No.  10,  an- 
nealed, 450°  J  2p=:0  082'='". 


Date. 

K 

Mar.    0. 11^  so- 

0-00 

il 

53 

008 

12 

00 

0-.6 

06 

0-26 

15 

041 

35 

0-75 

12 

44 

0-90 

51 
15" 

101 

».   1" 

0  00 

1 

21 

010 

35 

.    0-33 

43 

0-40 

2 

00 

0-75 

10« 


0-00 

-1-09 
-1-29 
-132 
-1-33 
■134 

-  -69 

-  -49 


000 

1-78 
2-29 
2-30 
2-34 


(•) 


Vrtporou, 


?  Vapor  off. 


1 


(t» 


Vapor  on. 


Date. 

*o 

Mar.     9,2«'  07- 

0-88 

14 

o-ys 

27 

1-(»J 

35 

1-33 
0-00 

9,3»'  30" 

3    36 

010 

40 

0-17 

47 

0-28 

55 

0  42 

4    16 

0-77 

4    30 

1-00 

41 

1-lR 

10,  9^  30- 

1800 

10' 


1  8:i 

1  55 
1-38 
1-02 

OlO 

-1-83 
-200 
-2  06 

-2-07 
-2-20 

-1-33 
-114 
-104 


1 


Vji^r  off 


C) 


Vapor  on. 


Vapor off. 


*  r  (cold  rod)  —  3<),  imparted  before  heating. 

t  T  (cold  rod)  -J-  30,  imparted  before  heating;,  immediately  after  *, 

t  r  (cold  rod)  —  3<),  Imparted  before  heating,  immediatel3'  after  f. 


Table  51. 

$  =  IW°;  B'=20P;  a  =  28P-;  I:=80«-;  i  =  60«»;  p  =34«.     Rods:  No.ll,80ft;  No.  I2.80ft;  2p=0  082<". 


Date. 

ih 

(^-^MX 
10« 

Date. 

h. 

105    . 

Mar.  10, 10k  o5» 

0*00 

000 

• 

Mar.  10,   1"  43- 

0*00 

0-00 

: 

10   11 

010 

—116 

'^ 

1   52 

0-15 

—1-75 

•V 

16 

0-18 

—1-57 

67 

0-23 

—1-93 

23 
31 

0-30 
043 

—1-68 
-171 

'Vapor  on. 

2  oe 

^              15 

0-38 
0-51 

—200 
—2  06 

>  Vapor  on. 

40 

0-58 

—1-74 

23 

0-66 

-2-08 

61 

0-70 

—1-78 

• 

2   20 

0-76 

-1-73 

) 

11    lU 

110 

—1-01 

) 

37 

090 

—1-46 

>  Vapor  off. 

25 
42 

1-33 
163 

—  -98 

—  -89 

>  Vapor  off. 

51 

113 

-1-27 

) 

10,  3»  08» 

0  00 

00 

^ 

10, 11"  49- 

o-ou 

0-uo 

t 

12   04 

026 

1-76 

• 

8    20 

0-20 

16.2 
U-0 

Vapor  on 

10,   4"  15" 

0-00 

11 

15 
24 

0-43 
0-58 

191 
1-98 

►  Vapor  on. 

30 

0-25 

-    -6 

40 

0t« 

204 

J 

4   45 

0*50 

-30.8 

Vapor on. 

12   45 

0*93 

1-73 

> 

53 

1-06 

1-44 

>  Vapor  off. 

1    30 

168 

1-25 

) 

- 

, 

*  T  (cold  rod)  —  30,  imparted  before  heating, 
f  r  (cold  rod)  +  3°,  imparted  before  heating,  immediately  after  *. 
X  T  (cold  rod)  —  S*',  imparted  before  heating,  immtidiately  after  t. 
§  r  (cold  rod)  +  60,  imparted  before  heatiug,  imme<liate]y  after  t. 
II  r  (cold  rod)  —dP,  imparted  before  heating,  immediately  after  $. 

The  data  of  Tables  48  to  51  are  graphically  given  in  PI.  III.  As 
usual  three  alternatious  of  twist  have  been  imparted  in  each  expeii- 
ment.  This  is  indicated  by  numerals  in  parentheses,  as  before.  In 
Table  48  there  are  two  values  of  stored  stress,  of  which  the  first  ((I)'  jukI 
(2)')  is  just  twice  as  great  as  the  other  ((1),  (2),  (3)).  The  accelerating? 
effect  of  doubling  stress  is  vbry  marked;  but  it  is  even  more  strik'm^ 
in  the  case  of  Table  6l.  Here  the  soft  rod  belhavea  Wke^  ^  ^o\A  \.^\4\i.v'\ 
Bull.  73 — -5 
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stress  r=3o  ((1),  (2),  (3),  in  PI.  II) ;  whereas,  its  behavior  toward  stress 
r=Go  ((4)',  (5/),  is  just  like  a  viscous  fluid.  This  is  one  of  tlie  luost 
noteworthy  results  of  these  tables.  It  will  be  specially  referred  to  iu 
Chapter  III. 

It  is  also  to  be  observed  that  viscous  oscillatiou  does  not  occur  iu  the 
c.ise  of  soft  rods  (Table  51,  parts  (1),  (2),  (3)), 

65.  Viscosity  at  360^. — The  data  iu  haud  are  as  follows: 

Table  52. 

fi=300O;  9'  =  20O;  a—9>»;  Z  =  3(K»;  i=60=-;  ^  =  34«     Rods:  No.ll.noffc;  No.  12, soft;  2p  =  0082«. 


Date. 

^ 

10' 

Mar 

11, 11^  26- 

0-00 

0-0 

11   34 

o-« 

—  7.8 

36 

0-18 

-101 

39 

0-23 

—11-6 

44 

0-32 

—12  9 

47 

0-37 

—14  0 

53 

0-47 

-14-9 

11    69 

0-57 

—131 

12   05 

0-67 

-12-4 

10 

075 

-12-0 

18 

0-88 

—11  8 

27 

1-03 

-11-5 

1    13 

1-80 

-11-1 

11,   2"  03» 

0-00 

0  0 

2   06 

005 

7-7 

09 

010 

200 

11 

0-13 

27-7 

12 

0-15 

350 

15 

0-20 

41-7 

18 

0-26 

44-5 

Date. 


>  Vapor  on. 


>  Vapor  ofl". 


Mar.  11,  J"*  21" 
25 
35 


2 
3 


54 
01 

28 


>  Vapor  on. 


11,   4'« 

4 


5 
6 

12,   9" 


25« 

32 
34 
36 
39 
41 
45 
51 
67 
10 

17 
26 
25* 


^ 

10" 

0-30 

49-8 

0-37 

48-0 

053 

49-1 

085 

46*6 

097 

46-4 

1-42 

0  00 

46-2 

00 

010 

— 17-4 

0  15 

-24-9 

018 

-28-1 

O-L'3 

—31-6 

0  27 

-32-7 

0  33 

—34-4 

0-43 

—35-6 

0  53 

-36-9 

0-75 

-38-8 

0-87 

—36-1 

102 

—35-0 

17-00 

—33-8 

>  Vapor  on. 

>  Vapor  oflF. 


J 


}  Vapor  on, 


Vapor  off. 


*  T  (cold  rod)  —  3°,  imparted  bofore  heatin;;. 

t  T  (coldTod)  +  3*^,  imparted  before  healing,  immediately  after*. 

I  T  (cold  rod)  — 3^,  imparted  before  heating,  immediately  after  1. 


Table  53. 

«=360O;  9'=20O;   o=0«";    Z=30*";   £=60"";    /?=34«.    Rods:   No.  9,  annealed,  450°;  Ko.  10  an- 
nealed. 450o.    2p  — 0082'™. 


Date. 


Mar.  12,10'' 04" 

10  10 
31 
49 
57 

11  15 

27 
59 


12,  12''  15" 

12  25 
27 
30 
36 
45 
55 


—23-1     f 


-24-8    J 


he 

(*-«^')X 
10» 

0-00 

0-0 

0-10 

-  4-7 

0-45 

—19-2 

0-75 

—23-1 

0-83 

-24-8 

1-18 

-20-1 

1-38 

—19-6 

1-92 
000 

—19-3 

0-0 

017 

28  6 

0-20 

322 

0-25 

35-3 

o;{5 

39  0 

0  50 

42-1 

0-67 

4:i-3 

Vapor  on. 


>  Vapor  off". 


Vapor  on. 


Date. 


Mar.  12,   IMO- 
2  oq_ 

12.   2"  16"" 


19 

20 
25 
27 
28 
36 
47 
13 


3 
8 


20 
32 
48 


fh 

10* 

0-92 

39-4 

1-75 

38-2 

300 

0  0 

008 

—  9-9 

0-08 

— 26-3 

016 

-30-3 

0-20 

—33  0 

0-22 

—390 

0-35 

—43-3 

0-63 

—47-6 

0-96 

-44-8 

1-08 

—42-9 

1-28 

—42-5 

1-55 

I  Vapor  oflf. 


Vapor  OD. 


I  Vapor  oflf. 


*  T  (cold  rod)  —  3'^   imparted  bofore  heating. 

t  r  (cold  roil)  +  3°,  imptiried  bt-fore  heating,  immediately  after  *. 

/  r  (cold  roil)  —  3°,  imp:vrtcd  be  tore  heating,  immediately  after  t. 
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Table  54. 

»  =  Z6(P  i    e* — 20° ;    a— 9"*,    I = 30«« ;    L= 60*" ;    0  —  34"".    Rods :    No.  7,  anuealod,  360° ;    No.  8,  aii 

iiealed,  Z&P, 


Date. 

Ao 

Mar.  14,  lO*  00"' 

000 

10  03 

0-07 

05 

010 

06 

0-12 

07 

0-13 

09 

017 

10 

018 

13 

0-23 

15 

0-27 

10    19 

0-33 

31 

0o3 

40 

0-68 

11    Ot 

l-(i8 

14,    I«'32« 

0-00 

1   38 

0-10 

40 

013 

43 

018 

40 

0-23 

51 

o:i2 

59 

QVy 

2   02 

0-50 

11 

0-65 

2   26 

0-90 

50 

1-27 

10» 


00 

-ICG 
-20-7 
-320 
—36-8 
—41-3 
—448 
—49  5 
—61-9 

—511 
—495 
—49-3 
-491 

00 

160 
252 
32-2 
376 
42-7 
47  0 
48-9 
51-9 

47-6 
46-8 


^  Vapor  on. 


>  Vapor  oil'. 


Vapor  on. 


?  Vapor  0% 


Date. 


Mar.  14,   3^  19» 

3  22 
23 
24 
25 
27 
28 
29 
32 
33 
35 
37 
40 

3  55 

4  12 

26 


14,   4M5- 

4  49 
50 
62 
54 
56 
57 

5  05 

6  24 


(*-<>')  X 

0 

lo» 

000 

0  0 

005 

4-6 

0-07 

89 

0'0<S 

140 

0-10 

193 

0-12 

26-4 

015 

301 

0-17 

34-7 

0-22 

411 

0-23 

43-9 

027 

46  0 

0-30 

491 

0-ii5 

51-5 

0-60 

47-2 

0-88 

46-4 

1-lJ 

46-4 

>■  Vapor  on. 


Vapor  off. 


0-00 

00 

0  07 

—  6-4 

0-08 

-  08 

0  12 

-244 

0-15 

—31-5 

0-18 

—36-8 

0-20 

—40-2 

0-33 

-45-0 

0-65 

-41-7 

§ 


)•  Vapor  on. 


J 
Vapor  off. 


*  T  (cold  ro<l)  — 3°,  Imparted  before  heatin;;. 

t  T  (cold  rod)  —  30  imparted  before  bealiug,  after  *, 

I  r  (cold  rod)  +  3°,  iiup.irted  before  heating,  iunueiliatfly  after  t. 

^  T  (cold  roil)  —3^,  ini parted  before  heatinfTi  immediately  after  J. 

In  the  twist  (2)  and  (3)  (PI.  IV.),  the  hitest  toi-siou  favorable  to  motion 
stored  up  in  the  wires  daring  the  period  of  twist  (1).  asserts  itself. 
Uence  the  actual  stress  for  the  former  case  is  very  deeidedlj^  greater 
than  iu  twist  (1).  The  chart  again  shows,  that  viscosity  is  dependent 
on  the  stress-intensity  producing  viscous  motion,  in  very  marked  degree. 

In  PI.  IV  the  results  of  Tables  52,  53,  54  are  gnVphically  given,  on  a 
plan  symmetrical  with  the  above.  A  larger  time-scale  would  perhaps 
have  been  preferable. 

This  plate  preserves  the  character  of  the  preceding  charts.  Steel 
annealed  at  3G0o  here  shows  maximum  rate  of  viscous  deformation. 
Indeed,  the  rapidit}'  of  motion  for  this  case  is  extreme,  so  that  the  rod 
must  be  considered  a  viscous  fluid.  The  four  alternations  of  twist  [(1), 
(2), (3),  (4)],  as  before,  give  indications  of  gradually  increasing  viscosity; 
and  the  march  toward  the  limit  is  again  oscillatory. 

Tbe  chart  is  also  instructive  when  the  behavior  of  steel  annealed 
at  450O  and  of  soft  steel  is  considered.  During  twist  (1^  the  former 
shows  less  viscosity  than  the  latter;  and  both  are  enormously  less  vis- 
cous tban  steel  annealed  at  360©.  But  in  twist  (2)  and  twist  (3)  this 
character  changes  in  very  larg«»  decree.  The  reasons  have  already 
been  adverted  to,  in  considering  Fig.  22  B,  where  stress  as  well  as  tem- 
I)er  varies. 
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66.  Remarks  on  the  tables. — ^A  few  remarks  ou  the  tables  are  here  in 
place.  Large  angles  ^,  for  the  ineasarement  of  which  Ganss's  method 
is  inconvenient,  were  calcalated  directly  from  the  tangents.  The  error 
is  everywhere  within  1  per  cent.  In  Table  44  and  more  particularly  in 
si>ecial  experiments,  the  observations  on  the  constancy  of  the  scale 
reading  when  the  temperatures  of  both  upper  and  lower  wires  are  iden- 
tical, prove  that  errors  due  to  differences  of  viscosity  in  the  cold  wires 
are  negligible.  'No  motion  is  perceptible  until  heat  has  been  applied. 
The  difficulty  encountered  in  fixing  the  zero  of  time  has  already  been 
mentioned.  The  curves  are  therefore  correct  in  their  vertical  dimen- 
sions, but  may  have  been  shifted  laterally  as  much  as  is  indicated  in 
each  table  by  the  interval  between  the  parts  marked  "vapor  on"  and 
"vapor  off.^  It  has  also  been  stated  that  the  results  for  mercury  are 
too  large  because  of  the  difficulty  in  accurately  defining  the  length  of 
the  hot  part  a.  Finally  two  seta  of  experiments  were  made  with  soft 
wire  (Rods,  Nos.  1,  2,  11,  12)  because  the  viscous  properties  of  soft 
wire  are  not  sharply  definable.  The  curves  lie  sometimes  above,  some- 
times below  the  mean  zone  for  steel  annealed  at  450^.  This  vagueness 
of  the  soft  state  is  largely  due  to  strains  incidentally  impressed.    When 

a  positive  twist  immediately  follows  a 
negative  twist,  or  vice  versa,  the  values 
of  ((p-'fp*)i  cseteris  paribus,  are  larger 
than  for  the  case  of  an  untwisted  wire. 
It  is  therefore  to  be  noted  that  in  the 
arrangement  of  apparatus  employed  the 
permanent  set  of  any  prolonged  torsion 
is  added  to  the  following  torsion,  parti- 
cularly in  the  case  of  high  0, 


DEDUCTIONS. 

67.  Viscosity  and  temperature. — ^The 
behavior  of  a  given  steel  wire  varies 
with  the  character  and  with  the  amount 
of  twist  it  has  received.  These  varia- 
tions are  not  insignificant.  Of.  Figs. 
22  A,  22  B,  22  C.  Hence  it  is  expedi- 
ent to  construct  a  diagram  of  the  mean 
viscous  motion  for  each  degree  of  hard- 
ness and  then  to  discuss  the  second- 
ary variations  with  reference  to  this 
diagram.  In  Figs.  23  A,  23  B,  23  O, 
23  D  (^—9?'),  the  angular  torsion  in  radians  is  exhibited  as  a  func- 
tion of  time  in  hours,  when  wires  in  all  degrees  of  hardness  are  ex- 
posed to  degrees  of  temperature  (8)  of  lOQo,  190°  and  360^  respectively. 
The  series  is  made  complete  when  the  rate  of  twist  (r)  is  3^,  the  values 
of  {(p—q>')  corresponding  to  ^=10l;O  (Tables  42  to  47)  where  t=6o  having 


Fio.  23.— Viscous  deformation  increaaini^ 
with  time,  for  different  states  of  temper 
and  of  temperature.    Kean  values. 
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been  divided  by  2  to  eflfect  this  reduction.  This  operation  is  probably 
uot  always  rigorous*;  but  it  is  sufficiently  correct  for  the  present  pur- 
poses. In  the  case  of  ^=190^  experiments  were  made  both  for  r=3^ 
(Fi^:.  23  B),  and  for  r=6o  (Fig.  23  C).  Each  curve  consists  of  two 
distinct  parts,  an  anterior  ascending  branch  showing  the  motion  at  the 
high  temperature  0,  and  a  descending  branch  showing  the  (elastic) 
effect  of  cooling  from  0  to  room  temperature  {d*).  Figures  23  A  to  23  D 
and  Tables  41,  and  42  to  54  clearly  show  that  the  viscous  detorsion 
(^— ^')  exhibited  by  steel  is  very  much  more  influenced  by  temperature 
when  the  steel  is  hard  than  when  it  is  soft.  In  other  words,  viscosity 
decreases  with  temperature  (cseteris  paribus)  at  much  greater  rates 
in  hard  steel  than  in  soft  steel.  Again,  at  the  same  temperature  ^,  the 
differences  of  viscosity  are  very  large  when  the  temper  of  steel  lies 
between  glass-hard  and  annealed  at  350^.  Intermediate  differences 
within  this  interval  are  larger  in  proportion  as  mean  hardness  is  greater. 
When  temper  lies  between  annealed  at  3o(P  and  soft,  differences  of  vis- 
cosity at  the  same  0  are  relatively  small.  In  general  therefore  the 
variations  of  viscosity  due  to  temper  are  marked  occurrences  during 
the  first  phase^  of  annealing,  and  nearly  vanish  during  the  second 
phase,  a  result  which  corroborates  the  close  analogy  between  the  vis- 
cous effects  of  temper,  the  thermoelectric  effect  and  the  electric  resist- 
ance effect  of  temper  already  pointed  out. 

68.  For  the  same  degree  of  hardness  viscosity  increases  at  an  accel- 
erated rate  with  temperature  0.  In  Fig.  23,  where  ^=100°,  the  large 
viscous  interval  between  Annealed  at  100^  and  Annealed  at  300^  is  in 
striking  contrast  with  the  smaller  viscous  interval  Annealed  at  3C0o  to 
Annealed  at  1000^,  notwithstanding  the  fact  that  to  avoid  erroneous 
comparisons  the  latter  interval  has  rather  been  chosen  too  large  than 
too  small.  Indeed,  the  values  for  Annealed  at  1000°  in  Table  47  would 
place  the  locus  for  soft  wire  even  above  the  curve  Annealed  at  450^  in 
Fig.  23,  suggesting  the  occurrence  of  a  maximum  viscosity  for  ^=l()0o. 
Passing  from  Fig.  23  to  Fig.  23  B  (^=190O),  the  interval  between  An- 
nealed  at  190^  and  Annealed  at  3G0o  is  phenomenally  increased.  The 
interval  Annealed  at  300^  to  Annealed  at  lOOCP  is  also  increased,  but 
only  slightly.  Again,  passing  from  Fig.  23  C  to  23  D  (/9=360O), 
the  interval  of  the  second  phase  of  annealing  (Annealed  at  360o  to  An- 
nealed at  lOOOO)  is  largely  increased.^  The  marked  tendency  of  a  steel 
wire  annealed  from  hardness  at  ^  to  suffer  viscous  deformation  when 
exposed  to  6?°,  is  the  chief  result  of  the  present  paper.  This  tendency 
decreases  with  great  rapidity  in  proportion  as  the  temperature  of  ex- 
posure foils  below  0. 

1  Cf.  Weidmanii :  Wied.  Ann.,  1880.  vol.  22,  pp.  220, 222.    He  believes  proporlionnlity  between  stress 
and  deformation  to  tibtain. 

>  AiiL  Juur.  Sci.  (Ill),  1888,  vol. 31,  p.  413. 

*  Of  (learse  tbe  de^^ree  of  bardest  temper  to  bo  exposed  to  9  for  ▼iscous  comparisons  is  Annealed  at 
A    Harder  wires  woiiM  bo  annealed  at  this  tcmperatare  and  the  conQomiliwivV.  «Sa<&\a  ^>isb  \a  Otivsiiieia 
otftMUper  erroueoosly  confounded  with  simple  viscous  motion. 
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As  temperature  increases,  glass  boems  to  lose  rigidity  much  less 
rapidly  than  hard  steel,  but  probably  not  less  rapidly  than  soft  steel. 
The  magnetic  instability  of  glass-hard  steel  is  probably  due  to  its  ex- 
treme susceptibility  of  temperature,  since  every  change  of  temper  is 
the  cause  of  loss  of  magnetic  moment.  This  close  relation  between 
hardness  and  magnetism  is  good  evidence  in  favor  of  the  essentially 
strained  character  of  hard  steel.  The  full  bearing  of  all  these  points  is 
made  the  subject  of  Chapter  III. 

69.  Behavior  of  other  metals. — Kohlrausch,^  Streintz,*  Schmidt,^  and 
Pisati^  have  discussed  the  effect  of  temperature  on  viscosity.  More 
minute  investigations  on  the  relation  between  viscosity  and  temperature 
have  recently  been  made  with  silver,  platinum,  iron,  and  german  silver, 
and  for  temperatures  within  100^,  by  Schroeder.*  It  is  in  place  to  ad- 
vert in  passing  to  certain  important  accordances  between  Schroeder's 
results  and  the  present  results.  In  the  data  above,  one  or  more  alter- 
nations of  the  sign  of  twist  are  applied  to  the  steel  wires  (Tables  42  to 
54,  particularly  Table  44),  and  the  amount  of  deformation  decreases 
(cjeteris  paribus)  with  the  number  of  torsions  applied  gradually  toward 
a  limit.  This  fact  has  been  studied  by  Wiedemann^  and  at  even  an 
earlier  date  though  in  a  somewhat  less  relevant  way,  by  Streintz''  under 
the  term  "accommodation."  Schroeder  has  apparently  enlarged  the 
importance  of  these  observations  by  showing  that  repeated  alternations 
of  temperature  from  low  to  high  values  have  the  same  effect.*  It  I'e- 
mains  to  be  seen,  however,  whether  this  is  not  an  immediate  result  of 
the  fact  that  Schroeder's  hard-drawn  wires  are  annealed  by  exposure 
to  100^.  Indeed  the  results  of  Chapter  III  make  this  altogether  proba- 
ble. A  second  result  of  Schroeder's,^  viz:  that  the  amount  of  "after- 
action," as  well  as  the  amount  of  change  of  after-action  due  to  stated 
increments  of  temperature  is  greatest  in  silver,  of  intermediate  value 
in  iron,  and  smallest  in  german  silver,  has  an  important  bearing  on 
the  present  experiments.  The  present  results  taken  together  with 
the  earlier  paper  of  Barus  and  Strouhal***  show  conclusively  that  the 
viscosity  of  steel  and  the  variation  of  viscosity  due  to  temperature 
increase  in  like  order,  and  in  ways  which  throughout  the  course  of 
the  phenomena  are  thoroughly  analogous.  A  j&nal  result  of  Schroe- 
der's bearing  on  the  present  paper,  viz:  that  the  viscous  detorsion 
occurring  at  100^  is  arrested  by  suddenly  lowering  the  temperature 

»  Kolilraosch :  Pogg.  Ann.,  18CS,  vol.  128,  p.  216 ;  187G,  vol.  158,  p. 371. 
»  StroiutsB :  Wien.  iJoricbte,  1874,  voL  69,  p.  337. 
3  SchniKll :  Wied.  Ann.,  1877,  vol.  2,  p.  264. 

*  Piaati :  Wien.  Beiichce,  1879.  vol.  80,  p.  427. 
6  Schroeder :  Wied.  Ann.,  1886,  vol.  28,  p.  369. 

•  Wiodeiuann :  Wied.  Ann.,  1879,  vol.  6,  p.  512. 
»  Strointz :  Pogg.  Ann.,  1874,  vol.  163,  p.  406. 

•  "Ebt^nso  wie  das  log.  Decrement  b«»i  Tor8ionscliwlnjrnn;ren  roigt  auch  die  ITacTiwirTcnng  anter 
dem  Einflu.«iAe  wiedorliolter  Temperatiiriindertiugen  eiue  Accommodation." 

*  "Sowobl  die  Nacbwirkang  wie  die  Anderiing  deraelben  mit  der  Temperatar  iat  aiu  grossten  beim 
Silbprdiiibt,  geringer  bolrn  Eisen.  am  kloiu;<ton  beim  Neuailberdrabt." 

^"Aui.  Joar.  SeL  (lU),  1887  vol  'J3,  pp.  25, 20. 
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as  far  as  20^  is  again  fully  corroborated  by  the  behavior  of  steel ;  but 
the  character  of  the  viscous  motion  while  the  temperature  either  rises 
or  falls  does  not  so  fully  appear,  because  a  lar^re  part  of  the  retrograde 
movement  observed  during  cooling  is  here  to  be  ascribed  to  concomi- 
tant changes  of  the  modulus  of  elasticity  produced  by  temperature.  In 
other  words,  relatively  large  variations  of  elasticity  are  superposed 
open  and  obscure  the  nature  of  the  viscous  detorsion  during  the  interval 
of  transition  from  high  to  low  temperature,  or  from  low  to  high  tem- 
perature. 

70.  It  is  because  of  the  mixed  character  of  the  retrograde  movement 
that  I  refrain  from  using  the  data  for  the  construction  of  the  tempera- 
ture relations  of  the  rigidity  of  steel.  If  a  device  for  cooling  with 
sufficient  rapidity  co  annul  the  viscous  movement  be  applied,  then  the 
present  method  may  be  used  at  once  for  investigating  the  effect  of 
temperature  on  rigidity. 

71.  Viscosity  and  pressure. — In  view  of  the  great  importance  of  vis- 
cous deformations  in  questions  of  dynamic  geology,  I  will  insert  a  few 
remarks  relative  to  the  effect  of  pressure  on  viscosity,  such  as  follow  at 
once  from  the  above  experiments. 

At  a  depth  of  ten  miles  below  the  surface,  the  temperature  of  the 
stiatnm  of  earth  is  certainly  as  high  as  450^  0.'  At  this  temperature 
glass  is  practically  a  viscous  fluid  as  appears  at  once  from  experiments 
by  Dr.  Strouhal  and  myself,  on  the  strain  effect  of  quenching  exhibited 
by  the  Prince  Rupert  drop.*  We  found  all  strain  to  have  vanished 
when  the  temperature  of  annealing  reached  this  limit.  Special  experi- 
ments on  the  t/orsion  viscosity  of  glass  made  with  the  above  apparatus 
shows  a  similarly  marked  effect  at  370^,  so  that  glass  which  is  less  viscous 
than  soft  steel  at  mean  atmospheric  temperatures  maintains  this  state 
of  inferiority  when  temperature  is  raised.  It  is  not  necessary  to  tabu- 
late the  experiments  with  glass  here.  They  are  difficult  of  reduction, 
because  glass-flber  can  not  easily  be  drawn  to  have  the  same  uniform 
section  throughout  its  length.  Again,  at  these  temperatures  glass 
easily  devitrifies,  a  phenomenon  which  decreases  its  viscosity  enor- 
mously. The  omission  is  easily  justified  since  Warburg  and  others 
have  proved  that  even  at  300^  glass  behaves  like  an  electrolyte  (cf. 
Chapter  I). 

It  follows  that  if  the  earth  were  of  glass,  and  if  the  viscous  effect  of 
pressure  were  nil,  the  behavior  of  strata  at  even  ten  miles  below  the 
surface  would  be  that  of  a  viscous  fluid.  Indeed  the  strata  there  and 
to  some  extent  above  this  level,  would  yield  to  the  application  of  even 
small  intensities  of  shear. 

Again,  if  the  earth  were  made  of  steel  in  the  state  of  maximum  vis- 
cosity, the  rigidity  ten  miles  below  the  surface  would  be  nil,  so  far 
at  least  as  the  action  of  continuous  shoariug  stress  is  concerned.^ 

»  Cf.  Thomson  and  Tait  Naf .  Philosophy,  T.  part  2, 1883,  pp.  476  to  477. 

•  Bull.  tJ.  S.  Geol.  Survey.  No.  42. 1888.  p.  109. 

*Con8ideratioj3«  of  this  kind  hAvo  been  made  lipeclflcaUy  anA  caTtvc(!L  ouV  Va  (\vA^\\\sr3l&.^.VA^x«a»» 
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It  follows  finaUy  that,  if  the  earth,  throaghont  depths  of  this  insig- 
nificant YLlae,  behaves  like  an  elastic  solid,  the  effect  of  pressure  on 
viscosity  most  be  of  importance. 

72.  Sudden  and  gradual  deformation. — ^In  the  experiments  for  ^srlOO^ 
the  rate  of  twist  r=6o  was  uniformly  applied.  The  results  were  then 
approximately  reduced  to  t=3o  by  merely  halving  the  values  of  {9>—  9/). 
PI.  Ill  shows  that  the  same  strain,  r=6<^,  applied  for  9=190o,  is  too  largi* 
for  convenicDt  measurement  by  Gauss's  method.  On  applying  r=Ho 
directly,  the  completed  series  of  results  is  obtained.  Comparing  the 
loci  of  PI.  Ill  and  Fig.  23  0,  it  appears  clearly  that  (^— ^)  increases 
very  much  more  rapidly  than  r.  Moreover,  if  the  rate  of  increase  of  r 
be  2,  the  rate  of  increase  of  (^—- ^)  is  certainly  as  much  as  3  in  case  of 
steel  annealed  at  19(P,  and  even  more  than  10  in  case  of  soft  steel 
(annealed  at  lOOOo).  It  follows  therefore  very  probably  that  the  viscous 
relations  of  soft  steel  to  hard  steel  vary  enormously  and  even  change 
sign  as  the  stress  producing  viscous  motion  passes  from  low  to  high 
values.  This  is  an  important  deduction.  For  rates  of  twist  less  than 
r=3o  for  the  diameter  2p=0*082^",  steel  is  less  viscous,  and  as  regards 
viscosity  much  more  susceptible  to  tbe  influence  of  temperature,  in  pro- 
portion as  it  is  harder.  For  rates  of  twist  greater  than  r=6o  steel  is 
less  viscous  and  more  susceptible  to  the  influence  of  temperature  in 
proportion  as  it  is  softer.^  The  complete  coordination  of  these  facts, 
in  other  words  the  full  expression  of  the  viscosity  of  steel  as  a  fuuctii)U 
of  hardness  for  all  degrees  of  temperature  6  and  all  values  of  stress  r, 
will  be  the  key  for  the  explanation  of  the  mechanical  behavior  of  steel 
and  its  important  bearing  on  magnetic,  electrical  and  other  properties 
of  the  metal.  To  elucidate  these  remarks  I  will  complete  the  descrip- 
tion of  the  apparatus  with  which  the  present  results  were  obtained, 
leaving  theoretical  inferences  for  discussion  in  Chapter  III. 

73.  In  the  apparatus,  PI.  I,  suppose  the  lower  (cold)  wire  to  bo  iu 
connection  with  clockwork,  in  such  a  way  that  it  may  be  twisted  uni- 
formly, at  any  given  velocity,  variable  at  pleasure.  Suppose  the  method 
of  adjusting  the  index  to  be  such  as  is  suitable  for  the  measurement 
of  angles  of  any  magnitude.  If  the  clock  be  set  in  motion  from 
r=0,  the  strain  will  increase  at  some  determinate  arbitrary  rate.  For 
a  given  value  of  S,  therefore,  a  fanjily  of  curves  may  be  obtained  in 
which  tbe  angular  motion  of  the  index  tpx  for  a  given  wire  must  be  ex- 
pressible as  a  function  of  the  time  during  which  twisting  has  taken 
place  and  the  rate  at  which  the  strain  is  increased.  In  other  wo»ds,  if 
0  be  the  rate  of  rotation  of  the  lower  end  ol  the  lower  wire,  the  experi- 
mental results  may  be  symbolized  by 

i'i   =/2(f,  Cz) 
)iji.  Uanu  Wlittou:  Pbil.  Mag.,  1800,  vul.  29, p.  2UU. 
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wliere  t  is  the  symbol  of  time.  It  follows  thiit  the  strain  per  centi- 
meter of  the  total  length  £,  at  any  time  tj  will  be  ctjL  diminished  by 
the  amonnt  of  viscous  motion.*  Hence  it  is  experimentally  possible  and 
fully  feasible  to  pass  from  the  family  of  carves  ^i,  ^s,  . .  .^»  to  a  similar 

family, 

{(p^q/)=F{t,  r), 

by  an  appropriate  method  of  graphic  solution.  ((p—(p')  thus  expressed 
as  a  function  of  time  and  strain,  for  all  degrees  of  hardness  and  all  de- 
grees of  temperature  0,  is  the  complete  solution  of  the  problem  in  hand. 
I  take  pleasure  in  acknowledging  that  the  greater  number  of  experi- 
ments in  this  paper  are  due  to  Mrs.  Anna  H.  Barus. 

1  If  <K  be  tho  nte  of  the  index  for  perfectly  elastic  wires,  then  ^— e'f,  and  2  e't — ^  correpond  renpect. 
irely  to  the  visooos  motion  and  the  strainjntensity  at  the  time  (.  The  curves  ^  will  in  general  bo  cir- 
onmflex,  passing  from  an  initial  tangent  o'  to  an  asymptote  wliioh  is  the  rate  of  rotation  of  the  lower 
end  of  the  wItm. 


OHAPTEE  III. 

MAXWELI^'S   THEORY   OF   THE   VISCOSITY    OF   SOLIDS    AND    ITS 

PHYSICAL   VERIFICATION. 

INTRODUCTION. 

74.  The  viscosity  of  solids  has  been  theoretically  discussed  in  the 
memoirs  of  O.  B.  Meyer,  Boltzmaun,  Neeseu,  Warburg,  Maxwell,  and 
Butcher.  Views  of  a  distinctly  theoretical  kind  have  also  been  given 
by  Weber  and  Kohlrausch,  and  more  recently  by  Nisseo.  In  almost 
all  cases,  excepting  alone  Butcher's*  work,  which  formulates  the  theory 
of  Maxwell,'  the  problem  has  been  approached  from  distinct  points  of 
view. 

Despite  the  diversity  of  methods  of  discussion  and  the  elaboration  of 
evidence,  the  results  do  not  in  any  case  so  fully  represent  the  jihenome- 
iiou  as  to  lead  to  general  acquiescence  in  one  elementary  physical  hy- 
pothesis. Boltzmann's  theory  is  perhaps  the  most  powerful  and  is  ele- 
gautly  worked  out;  but  it  is  purely  mathematical  in  character.  Max- 
well's theory  has  the  broadest  physical  basis,  although  left  by  its  author 
in  shape  merely  of  a  terse  verbal  sketch. 

Now  it  seems  to  me,  if  indeed  I  may  venture  any  assertion,  that  Max- 
well's theory  is  a  version  of  Williamson's^  theory  of  etheritication,  and 
of  Olausius's*  theory  of  electrolysis.  The  transition  made  is  from  un- 
stable grou[>ings  of  atoms  to  unstable  groupings  of  molecules.  But 
preserving  minutely  all  the  essentials  of  Maxwell's  argument,  the  ex- 
periments of  this  paper  justify  the  assumption  that  viscosity  is  a  phe- 
nomenon evoked  by  certain  changes  of  molecular  structure,  the  inherent 
nature  of  which  is  ultimately  chemical.  I  say  chemical  because  if  molec- 
ular break  up  occur,  cardinal  questions  at  once  arise  as  to  the  manner 
of  removal  of  the  debris;  and  the  phenomenon  thus  depends  not  only 
on  the  past  history,  but  on  the  immediate  future  history  of  the  tyx)ical 
mean  configuration.  The  analogy  of  the  three  theories  is  very  close, 
so  that  they  admit  of  generic  classification.  They  are  examples  of  the 
invasion  of  statistical  method  into  liquid  and  solid  molecular  kinetics. 

The  behavior  of  steel  when  regarded  as  a  viscous  solid  and  in  the  light 
of  known  facts,*  is  convincingly  in  favor  of  the  view  to  be  advocated ; 


>  Batcher:  Proo.  Lond.  Mnth.  Soo.,  1878,  voL  3. 

>  Maxwell:  "  Conatitution  of  Bodies,'*  Enoy.  Brit.,  9th  ed.,  1876,  voL 6, p.  810. 

*  Williamson :  Ann.  d.  Chem.  u.  Pharm.,  1851,  vol.  77,  p.  37. 

«  Clausias:  Pof^g.  Ann.,  1657,  vol.  100,  p.  353 ;  ibid.,  1857,  vol.  101,  p.  338. 

*  I  refer  in  particnlar  to  the  work  of  Dr.  Stronhni  and  myself.  These  papern.  systematically  dis< 
onssed  and  enlarged,  are  embolied  with  much  new  matter  in  the  balletins  of  the  U.  S.  Geological 
Survey,  viz:  Bull.  No.  14, 1885,  pp.  1-226 ;  Bull.  No  27, 1R86,  pp.  30, 61 ;  Ball.  No.  35,  lc8C,  pp.  11-00;  Bull. 
No.  42, 1887,  pp.  08-131.    Other  roferencen  are  given  in  the  text. 

74 


BABUB.]  THEORIES   OF   VISCOSITY.  75 

and  it  was  the  direct  bearing  of  some  of  the  results  on  Clausias's  theory 
of  electrolysis,  that  led  me  to  suspect  a  chemical  explanation,^  before 
I  became  aware  of  the  existence  of  Maxwell's  article.  To  show  how 
clearly  Maxwell's  theory  interprets  the  complex  and  almost  anomalous 
phenomena  of  viscosity  exhibited  by  steel,  is  the  chief  endeavor  of  the 
present  paper ;  but  I  shall  also  add  other  matter. 

HISTORICAL  SKETCH  OF  THE  THEORIES  OF  SOLID  VISCOSITY. 

75.  It  is  desirable  to  pass  in  brief  review  the  divers  hypotheses  on 
the  nature  of  solid  viscosity  to  which  I  have  referred. 

0.  E.  Mcyer^s^  theory  is  the  earliest  and  most  direct.  It  discusses 
the  action  of  elastic  forces  in  a  medium  of  imperfect  elasticity,  and  de- 
velops formulas  to  express  the  diminution  of  stress  in  virtue  of  the 
occurrence  of  internal  friction.^  The  results  to  which  Meyer's  formula 
eventually  leads  are  incomplete  and  were  not  fully  verified  by  subse- 
quent experiment.  The  theory  is  therefore  sharply  antagonized  by 
Boltzmann,^  by  Streintz,^  and  by  Kohlrausch.*^  In  later  paper  Meyer"^ 
partially  assents  to  these  adverse  views,  acknowledging  that  the  theory 
does  not  reproduce  the  phenomenon  actually  observed.  It  also  fails, 
as  Kohlrausch  (loc.  cit.)  pointed  out,  in  predicting  an  insuflBciently 
slow  time  of  occurrence.  After  giving  reasons  for  dissenting  from 
Boltziuann's  and  from  Neesen's  hypotheses,  Meyer  proceeds  to  partially 
de\  elop  an  older  idea  of  Weber's.®  This  physicist  referred  viscosity  in 
Boliils,  to  partial  molecular  rotation,  a  view  adopted  by  Kohlrausch,^ 
by  whom  it  has  been  more  clearly  interpreted.  The  rotations  under- 
lying Weber's  phenomenon  are  considered  identical  with  the  rotations 
of  molecule  postulated  by  Olausius^*'  in  discussing  shear.  Following 
Meyer  and  others,  '^elastische  Nachwirkung"  is  a  possible  occurrence 
in  liquids. 

76.  Boltzmannh^^  theory^  amplifying  deductions  of  Lamy  and  of 
Glebsch,  is  based  on  the  assumption  that  the  elastic  forces  are  dependent 
not  only  on  the  present  but  on  the  preceding  deformations  of  the  body. 
The  effect  of  earlier  states  of  stress  on  the  existing  stress  diminishes 
with  the  intervening  time  but  is  independent  of  intervening  states  of 

>  Am.  Jour.  SoL  (III),  1887,  vol.  83,  p.  28.    It  i«  much  to  be  regretted  that  Maxwell's  theory  was  pub- 
lished oat  of  the  line  of  a  phyeioist's  nsxial  roatine  reading* 

*  Meyer:  Pogg.  Ann.,  1874,  yol.  ISl,  p.  108. 

*  Following  the  nsage  of  the  term  by  Navier,  Caachy,  Poiseon,  St.  Tenant,  Stokes,  Stefan.    Cf. 
If eyer,  loc.  cit. 

*  Boltsmann :  Pogg.  Ann.,  Ergftnzb.,  1876,  yol.  7,  p.  824. 

•  Streints:  Pogg.  Ann.,  1875,  yol.  156,  p.  588 ;  ibid.,  1874,  yoL  158,  p.  405. 

•  Koblransoh:  Pogg.  Ann.,  1877,  yol.  160,  p.  225. 
'  Meyer:  Wied.  Ann.,  1878. yol.  4.  p.  249. 

>  Weber:  Pogg.  Ann.,  1835,  yol. 34,  p. 247 ;  ibid.,  1841, yol.  54,  p.  1. 

•  Kohlraaaoh :  Pogg.  Ann.,  1866,  yol.  128.  p.  413;  cf.  also  ibid.,  1863,  yol.  119.  p.  337. 

(•"Wenn  ein  solcber  Korper  fremden  Kraften  nnterworfen  wird,  dieyoD  yerschlcdenen  Seiten 
nngleich  aaf  Ihn  wirken,  also  z.  B.  nach  einer  Dimension  gedchut  wird,  wlihrend  er  nach  anderon 
Dimensionen  firei  bleibt  oder  gar  zosammengedriiokt  wird,  dann  die  MoIokUlo  neben  ihrer  Verscliie- 
bong  sich  anch  etwas  dreben  konnen,  indem  sie  in  Bezag  anf  ihre  KraRL-icbt.\xu^  ^•^w  M]^^«A!K^i.«BL 
Spannnngen  etwas  folgen.  ..."     Pogg.  Ann.,  1849,  yol. 76,  p.6<k 

"  Bo]UmMnn:  Pogg.  Ann.,  ErgUazb.,  1876,  yol .  7,  p.  624. 
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stresR.  Different  viscous  deformations  are  snperposable.  Boltzmann's 
theory,  therefore,  presupposes  the  phenomenon'  and  brings  the  laws  of 
viscosity  tersely  into  formulae.    If  a)  is  an  interval  of  time  reckoned 

back  from  t — co.  when  the  strain  &,      existed,  then  Boltzmaun's  law 

'  I— lit  ' 

may  be  clearly  exhibited  in  its  application  to  the  problem  of  vibration 
of  a  viscous  solid.  Given  a  wire  of  the  solid  of  length  I  and  radius  R. 
Let  the  upper  end  be  fixed,  and  the  lower  end  be  attached  to  a  heavy 
bob,  whose  moment  of  inertia  for  the  given  conditions  is  £.  Then  the 
'  equation  of  motion  is  (slow  osciUatiou  presupposed) 

where  D  is  the  moment  of  the  applied  couple,  ^  Lamy's  constant,  and 
ff)  some  function  of  oo.  Replying  to  Meyer's  critique  that  a  theory  of 
this  kind  is  at  variance  with  the  present  stat«  of  knowledge  in  atomis- 
tics,  Boltzmann^  disclaims  all  present  purpose  to  connect  his  theory 
with  definite  physical  hypotheses.  He  points  out,  however,  that  the 
assumed  dependence  of  the  existing  strain  on  foregoing  deformations 
is  easily  justified  when  the  simultaneous  changes  of  molecular  configu- 
ration are  taken  into  account;  for  it  is  not  necessary  to  suppose  that  the 
elastic  forces  us  such  have  any  dependence  on  the  preexisting  stress. 
The  changes  of  configuration  in  question  are  closely  similar  to  Max- 
well's, so  that  in  this  respect  Boltzmann's  theory  may  be  looked  upon 
as  one  form  of  mathematical  development  of  Maxwell's  physical  hy- 
pothesis. I  may  add  that  Boltzmann  tested  his  theory  with  data  of 
Kohlrausch,  Neesen,  and  Streintz.  A  special  series  of  experiments 
subsequently  undertaken  by  Kohlrausch^  give  additional  strength  to 
Boltzmann's  deductions.  The  theory  does  not,  however,  predict  perma- 
nent set 

77.  Neesen^s  theory, — A  theory  similar  to  Boltzmann's,  but  atomistic 
in  character,  is  due  to  Neesen.^  It  also  assumes  the  occurrence  of  solid 
viscosity.  Keesen  distinguishes  the  forces  producing  and  retarding 
motion  and  the  final  purely  elastic  forces  which  obtain  when  viscous 
motion  has  subsided.  Neesen  practically  postulates  a  change  in  the 
constants  of  elasticity.  Warburg*  objects  to  Neesen's  deductions  be- 
cause they  contain  no  reference  to  the  form  of  the  molecule.  Meyer 
(loc.  cit.)  fails  to  find  in  it  definite  causal  relations  to  the  observed  vis- 
cous motion. 

Braun's®  research,  though  largely  experimental  in  character,  deserves 
mention  here,  because  of  special  light  which  it  throws  on  the  superposi- 
tion of  different  viscous  deformations.    Excepting  in  glass,''  he  finds 

1  Koblraasch :  Pogg.  Ann.,  1877,  vol  160,  p.  227. 
*BoltziQRun:  Wied.  Ann.,  1878,  voL  5,  p.  430. 
"Koblraiiach:  Pogg.  Ann.,  1877,  vol.  100,  p.  225. 

*  NeoRon :  Pogg.  Ann.,  vol.  1876, 157.  p.  679. 
•Warburg :  Wied. Ann..  1878,  vol.  4,  p.  233. 

•  Braun:  Pogg.  Ann.,  1876,  vol.  159,  p.  337 ;  cf.  Kolilmnscb :  Po^g.  Ann..  1877,  vol.  160,  p.  227. 

*I  do  not  believe  that  ^la^s  is  an  except  ion.   The  occurreniM'  of  d«n  itriflcatiou,  for  inntance,  (Iscrcasoa 
tli0  viaoosity  ofglaaB  eaormoaiAiy^  as  I  found.   Oliver  polnU  ot  xi^'w  v;V\\  \q«  «A^>x^^  Va^u^\.\k<i.x  ^v^i« 
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that  these  molecular  motious  do  not  take  place  iiulependently  of  each 
other;  He  concludes  that  elastic  and  viscous  deformations  owe  their 
occurrence  to  forces  of  dififerent  origin,  and  he  refers  viscous  motion  to 
the  partial  rotations  postulated  by  Weber  and  Kohlrausch. 

Warburg*8  theory. — Warburg/  following  out  the  suggestions  contained 
in  Braun's  results,  formulates  a  now  theory,  in  whicU  viscosity  is  the 
result  of  partial  rotations  of  molecules  of  a  form  other  than  spherical. 

78.  J\"/fi«en'«2  theory  is  unique.  lie  considers  the  ether  in  the  space 
surrounding  the  body,  in  its  relations  to  the  ether  within  the  inter- 
uiolecuiar  spaces  of  the  body;  and  he  bases  his  theory  on  the  condi- 
tions under  which  the  external  ether  enters  the  said  iutermolecular 
spaces  when  the  body  is  deformed  by  stress.  He  thus  obtains  both  a 
time  and  a  thermal  eflfect.  In  many  respects  this  curious  theory  seems" 
to  anticipate  Osborne  Keyuolds^  in  recognizing  the  importance  of  the 
"dilitancy'^  of  a  granular  medium. 

79.  MaxiceWs*  theory  would  require  more  extended  comment;  but  the 

*  Warburg :  Wied.  Add..  1878  vol.  4.  p.  232. 

*  NisHcn :  Inang.  Diuert.,  Bodd.  1880.     (Not  accessible  to  me.) 
>  KeyDolds:  Phil.  Mag..  Y,  1885,  vol.  20,  p.  4G9. 

*  Maxwell:  Enoyclop.  Brit.  Olh  ed.,  1876,  vol.  6,  p.  31 L 
The  theory  is  here  sabjointd  io  full : 

The  molecules  of  all  bodies  are  in  motion.  In  gases  uid  Ifqntds  the  motion  is  snch  that  there  is 
nothiDg  to  prevent  any  molecule  from  passing  from  any  part  of  the  mass  to  any  other  part ;  but  in 
solids  we  must  suppose  that  some,  at  least,  of  the  molecules  merely  obcillate  about  a  certain  mean  poai* 
tion,  so  that,  if  we  consider  a  certain  group  of  molecules,  its  contiguration  is  never  very  dlifereiit  from 
a  certain  stable  conflguration  about,  which  it  oscillates. 

This  will  be  the  case  even  when  the  solid  is  in  a  state  of  strain,  provided  the  amplitude  of  the  osdl- 
latioDS  does  not  exceed  a  certain  limit,  but  if  it  exceeds  this  limit  tho  group  docs  not  tend  to  return  to 
its  former  cenflgnratioo,  but  begins  to  oscillate  about  a  new  conflguration  of  stability,  the  strain  in 
which  is  either  zero,  or  at  least  less  than  in  tho  original  configuration. 

The  condition  of  this  breaking  up  of  a  configuration  must  depend  partly  on  the  amplitude  of  the 
oscillations,  and  partly  on  the  amount  of  strain  in  the  original  configuration ;  and  we  may  suppose 
that  different  groups  of  molecules  even  in  a  homogeneous  solid  are  not  in  similar  circumstances  in  this 
respect. 

Thus  we  may  suppose  that  In  a  certain  number  of  groups  the  ordinary  agitation  of  the  molecules  Is 
liable  t-o  accumulate  so  much  that  every  now  and  then  the  oonflguxation  of  one  of  the  groups  breaks 
up,  and  this  whether  it  is  in  a  state  of  strain  or  not.  We  may  even  in  this  case  assume  that  in  every 
•ifcond  a  certain  proportion  of  those  groups  break  up,  and  assume  conflgurations  corrospouding  to  a 
Btfiiiu  uniTurni  in  all  directions. 

If  all  the  groups  wore  of  this  kind,  the  medium  would  be  a  viscous  fluid. 

But  we  may  suppose  that  there  are  other  groups  the  conflguration  of  which  Is  so  stable  that  they 
will  not  break  up  under  the  ordinary  agitation  of  the  molecules  unless  the  average  strain  exceed  a 
certain  limit,  and  this  limit  may  be  different  for  different  systems  of  these  groups. 

Now  if  such  groups  of  greater  sthbility  are  disseminated  through  the  substance  in  such  abundance 
»H  to  build  up  a  solid  framework,  the  substance  will  be  a  solid,  which  will  not  be  permaneutly  do* 
formed  except  by  a  stress  greater  than  a  certain  given  stress. 

But  if  the  solid  also  contains  groups  of  smaller  stability  and  also  groups  of  the  first  kind  which  break 
np  of  tbeuiselvea,  then  when  a  strain  is  applied  the  rosistence  to  it  will  gradually  diminish  as  the 
groups  of  the  first  kind  break  np.  and  this  will  go  on  till  the  stress  is  reduced  to  that  due  to  the  more 
permanent  groups.  If  t^e  body  is  now  left  to  itself,  it  will  not  at  once  retnm  to  iu  original  form  but 
will  do  so  only  when  the  groups  df  the  first  kind  have  broken  up  so  often  as  to  get  back  to  their  ong< 
inal  Htate  of  strain. 

This  view  of  the  constitution  of  a  solid,  as  consisting  of  groups  of  molecules  some  of  which  are  in 
different  circumstances  from  others,  also  helps  to  explain  the  state  of  the  solid  after  a  permanent  de> 
formation  has  been  given  to  it.  In  this  case  some  of  the  loss  stable  groups  have  broken  up  and  as- 
sumed new  configurations,  but  it  is  quite  possible  that  othors,  more  stable,  may  still  retain  their 
oilginal  conflguration,  so  that  tho  form  of  tho  body  is  determined  by  the  equilibrium  between  these 
two  set  of  )£i-uups ;  but  if,  on  accouot  of  rine  of  teniperatutti,  increase  of  moisture,  v\oV^v\\V\V^v^V\<^xv«^t 
any  otho.  canso,  the  breaking  up  of  tlie  less  stable  groups  is  faclUlaied,  U\q  tooti^  «\a\A<&  v.'^^^'^^^)!^*>>'l 
again  assert  their  aw»j;  and  ^nd  to  restore  tlio  body  to  tho  aUape  It  bad  ^tox^  Wa  ^<di(>itaa\ji^^ 


78  THE   VISCOSITY   OF   SOLIDS.  [bull.  TO 

terms  in  which  bis  views  are  expressed  are  so  precise,  that  it  is  impos- 
sible to  abbreviate  them.  cf.  §99.  Aside  from  the  remarks  of  the  next 
paragraph,  the  ideas  underlying  Maxwell's  theory  have  been  given  by 
many  others,  indeed  by  almost  all  the  chief  writers  on  solid  viscosity; 
but  Maxwell  carries  them  through  consistently  to  a  complete  theory. 

I  have  stated. that  Maxwell's  theory  is  the  analogue  of  Glausius's 
theory  of  electrolysis.  Where  the  latter  uses  ''Theil  moleplile"  and 
electromotive  force  to  effect  chemical  decomposition,  Maxwell  has  un- 
stable configuratious  and  stress  available  to  produce  permanent  defor- 
mation. In  Glausius's  case  the  number  of  decomposable  molecules  (i.  e. 
unstable  configurations  as  regards  the  action  of  electromotive  force),  in 
any  given  case  of  actual  electrolysis,  is  practically  infinite.  TUis  cor- 
responds to  Maxwell's  viscous  fluid,  hard  or  soft.  In  a  viscous  solid, 
molecular  configurations  are  present  in  all  degrees  of  stability,  with  a 
sufficient  preponderance  of  stable  configuration  to  constitute  a  solid 
framework.  The  relative  number  of  unstable  configurations  varies 
with  the  viscosity  of  the  material.  If,  therefore,  I  conceive  the  case  of 
an  electrolyte  exhausting  itself  with  respect  to  electrical  conductivity, 
by  the  chemical  decomposition  induced  by  current,  until  conduction 
cease,  I  have  the  analogue  of  a  solid  which  is  reaching  the  limit  of  vis- 
cous deformation,    cf.  §107. 

80.  From  this  analogy  it  follows  that  a  solid  (!)  electrolyte  is  neces- 
sarily viscous;  whereas  a  viscous  solid  is  only  an  electrolyte  when  the 
molecules  break  up  into  parts  oppositely  charged.  Again,  a  viscous 
solid  (!)  is  probably  more  viscous  when  undergoing  electrolytic  decom- 
l>osition  than  when  no  current  passes  through  it.^  Experiments  to  the 
same  effect  can,  however,  be  made  with  greater  facility,  if  the  solid 
operated  on  is  such  that  special  instability  of  molecular  configuration  is 
superinduced  by  heat,  instead  of  electrical  action.  Such  a  solid  is  hard 
steel,  in  which,  in  addition  to  the  ordinary  thermal  instability,  what 
may  be  called  a  carburation  instahility  of  molecular  configuration 
asserts  itself,  even  at  mean  atmospheric  temperatures,  and  in  the  homo- 
geneous metal.  Inasmuch  therefore  as  the  gist  of  Maxwell's  theory  is 
instability  of  configuration,  it  follows  that  the  evidence  wliich  can  be 
derived  with  reference  to  it,  from  hard  steel,  must  be  unique  in  charac- 
ter:  for  despite  the  extreme  hardness  and  elasticity  of  tempered  steel, 
instability  of  molecular  configuration  demonstrably  exists,*  and  is  dis- 
tributed uniformly  throughout  the  metal;  moreover  the  number  of  un- 
stable groups  can  be  made  to  vary  over  an  enormous  range,  at  pleasure. 

I  must  distinctly  state,  however,  at  the  outset,  that  Maxwell  limits 
his  considerations  to  configurations  of  molecules.  The  responsibility 
of  fusing  Glausius's  and  Maxwell's  theories  rests  with  me.    The  step  is 

^  I  bare  since  been  at  ftome  pains  to  verify  this  surmise,  working  with  glass  at  360^.  But  the  es- 
pr-riinents  thus  far  are  not  decisive,  because  the  amount  of  current  passing  through  glass  is  not  only 
very  small,  but  soon  ceases  entirely  even  in  the  case  of  thin- walled  tubes  (Warburg,  Wied.  Ann.,  vol. 
21,  p.  622).  On  the  other  hand,  if  the  current  passes  the  electrolyte  in  strict  accordance  with  Ohma 
law,  it  will  produce  no  special  decomposition,  and  will  not  therefore  affect  the  Tiacositj  of  the  solid 
eJeotroIj-to. 
'Batos  aud  Strouhsd:  Am.  Jour.  Soi.  (lU)  vol.%2,  l^p.T^^ 
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dictated  by  the  behavicr  of  steel,  in  wbicli  the  integrity  of  the  molecule 
is  certainly  invaded  without  producing  essential  dift'erences  in  the 
character  or  history  of  the  viscous  phonoinena  (§  9H).  1  may  note  that 
the  occurrence  of  chemical  change  makes  the  hypothesis  verifiable. 

EXPERIMENTAL  RESULTS. 

APPARATUS. 

81.  The  remarks  made  in  the  preceding  sections  clearly  show,  that 
notwithstanding  the  abundance  of  experimeutal  data  in  hand,  further 
researches  tending  to  throw  light  on  the  ultimate  nature  of  viscosity 
are  urgently  called  for.  To  obtain  such  I  made  a  new  set  of  experi- 
ments on  the  (dan  indicated  in  Chapter  II,  modifying  the  apparatus 
there  described  in  the  following  respects.  The  lower  wire  of  the  system 
is  provided  with  a  torsion  circle  of  large  radius,  by  aid  of  which  the 
amount  of  permanent  set  of  the  wires  can  be  accurately  registered.  In 
this  way  also  any  amount  of  twist  can  be  permanently  stored,  at  the 
operator's  pleasure.  Again  the  basin  X  in  PL  I  was  replaced  by  a  ring- 
shaped  basin  surrounding  the  wires  so  that  the  wire  could  be  twisted 
without  removing  the  vane.  In  other  respects  the  present  experiments 
are  like  the  above,  except  that  the  individual  viscous  detorsions  were 
not  watched  for  so  long  a  period  as  occurs  in  Chapter  II. 

82.  Theory  of  the  apparatus. — This  has  been  fully  given  in  Chapter 
II,  §§  56  to  59. 

83.  .Meaaure^nents  loith  steel. — The  following  tables  exhibit  the  new 
results  for  steel.  About  twenty  rods  were  examined.  Table  55,  after 
enumerating  the  rod  (''No."),  and  stating  the  temperature  at  which  it 
was  annealed  (abbreviated  ^^An.")  from  glasshardness,  cfives  the  amount 
of  twist,  r  (radians),  temporarily  imparted  per  unit  of  length,  and 
2(^-4- <^),  the  mean  amount  of  viscous  detorsii)n,  in  radians  per  unit  of 
length,  observed  immediately  after  the  end  of  the  expcrinunit.  2(</>+9;') 
is  therefore  the  mean  viscous  effect  of  t  impressed  on  the  system  of  two 
vertical  wires.  Hence  t-|-2(<^-|-  ^)=2zr/2^.  Furtherujore,  6*  is  the  tera- 
I)erature  of  the  lower  wire,  d  that  of  the  upper  wire,  and  ((p—(p*)/r 
(radians)  is  the  amount  of  viscous  detorsion,  as  observed  at  the  index 
between  the  wires,  at  the  time  specified,  per  unit  of  t.  Regarding  this 
differential  quantity,  which  is  the  chief  datum  of  the  tables,  it  is  merely 
necessary  to  call  to  mind  that  2(p  is  the  viscous  detorsion,  per  unit  of 
length  of  the  upper  wire,  for  the  rate  of  twist  r;  and  2(p'  has  the  same 
signification  relatively  to  the  lower  (normal)  wire.  The  reference  to  the 
unit  of  r  is  a  convenience  permissible  when  r,  as  in  the  present  work, 
has  nearly  the  same  value  throughout.' 

The  normal  wire.  No.  7,  with  which  all  the  other  steel  wires  are  com- 
pared, id  annealed  from  hardness  at  450^,  and  has  been  twisted  back 

>  In  how  far  such  redactioiM  ftre  genoraUy  permissible,  cf.  Weidiuann:  Wiod.  Ann.,  1886^  vol.  19,  pp. 
220,733. 
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aud  forth  till  viscosity  is  practically  ancbanged  by  farther  twisting 
within  the  same  limits.  It  is  therefore  in  a  state  of  extreme  viscosity, 
and  at  the  same  time  less  liable  to  permanent  set  than  a  soft  steel  wire. 
Its  dimensions  are  Z'sSO*'"*,  radius  =p=0-0405*^°»,  so  that  U=l.  The 
wire  of  unknown  viscosity  is  examined  at  20^  (nearly),  and  immediately 
after  at  100°.  Two  experiments  are  made  at  each  temperature  with  r 
alternately  positive  and  negative.  When  t  aud  (^— 9>')/t  have  the 
same  signs  (the  usual  case),  the  lower  wire,  No.  1,  is  of  greater  viscos- 
ity. In  case  of  5=100o,  only  a  part  of  the  upppr  wire,  length  a=a—/3j 
could  be  heated;  the  remainder  being  kept  at  the  lower  temperature  ^. 
Time  is  conveniently  given  in  minutes,  reckoned  after  twisting. 
84.   Viscous  behavior  of  the  rods. — This  is  given  in  tlie  following  table: 

Table  55.— Viscous  Dbtorsions  of  Hard  Steel. 

|=30«.    p=00405*-.    a=28-5«.    /8=31-5«. 


No. 
An. 

2(*+*') 

0 

Time. 

Na 
An. 

2(*+*') 

9 

Time. 

^^=^X10» 

2 

—•1045 

20 

3 

+000 

2 

—•1027 

100 

2 

—  0-00 

450° 

20 

17 
50 

•03 
•05 

450© 

20 

6 

18 

—  ^92 

—  1^97 

—•0003 

60 

•06 

—•0020 

29 
45 

58 

—  2-49 

—  308 

—  3-47 

+•1027 

20 

I 

—0  00 

+•1027 

100 

2 

+  000 

20 

8 
28 

—  •oo 

—  -12 

20 

20 
33 

1-71 
256 

+•0020 

S2 

—  ^12 

+•0020 

47 

8-21 

3 

-1033 

20 

2 

+0  00 

3 

—•1027 

100 

2 

—  0-00 

—   •te 

460° 

20 

6 

•17 

460° 

20 

11 

19 

•34 

20 

—  1-21 

28 

-43 

34 

—  151 

— •oou 

44 

•49 

—•0020 

48 

—  1-97 

+  1030 

2 

—000 

+  1027 

100 

2 

+  000 

8 

—  •OS 

20 

10 

311 

20 

—  -03 

18 

4.65 

+-0017 

30 

—  -03 

+  0020 

24 

5-60 

4 

—  1033 

22 

2 

—000 

4 

—•1007 

100 

3 

—  000 

860° 

22 

17 
42 

—  19 

—  -24 

360O 

22 

15 
28 

—  1-74 

—  2-48 

—•0014 

54 

—  -24 

-0041 

100 

40 
2 

—  3T5 

+•1007 

22 

3 

+000 

+•0998 

+  0-00 

22 

33 
44 

1-47 

i^ei 

22 

12 
22 

632 
7-02 

+  0041 

64 

1-77 

37 

986 

+•0049 

49 

11.07 

6 

— -1027 

23 

2 

-0  00 

5 

—  1019 

lUO 

3 

—  0^00 

360© 

23 

15 

—    19 

360° 

23 

22 

^  2-24 

21 

—    25 

-•0029 

82 

—  2^M 

—  0020 

:u 

—  -28 

+-1021 

23 

2 

+000 

+  1015 

100 

2 

+  000 

23 

12 
19 

•25 

•29 

23 

7 
20 

2  12 
4^04 

+  0026 

27 

•31 

+•0032 

27 

4-74 

6 

—•1035 

19 

2 

— OOi) 

6 

—•1023 

100 

1 

—  000 

190O 

—•0012 

19 

6 
17 
35 

—  12 

—  ^28 

—  -18 

lOOO 

—•0024 

10 

4 
12 
20 
•20 
36 

—  3-69 

—  8-02 
—10-39 
-12-95 
—13-35 

+  1035 

19 

2 

+000 

+  1003 

100 

1 

+  000 

19 

19 
81 

•00 
•06 

19 

5 
10 
15 
20 
26 
32 

8-18 
13-29 
16-98 
19-53 
2214 
24-10 

+  0012 

1 

+•0044 

88 

25-87 
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Tablb  55.-~Contiiined. 


Ic: 

:30«.     1 

f»=0^0406«". 

a=28-6».    ^=31-6«». 

No. 
An. 

2(«+«') 

0 

Time. 

^-*'xio» 

T 

No. 
An. 

2(0+*') 

Time. 

T 

7 

-•1027 

20 

2 

—  OPO 

7 

—•1007 

100 

1 

—  000 

190° 

20 

8 

—    -64 

190° 

« 

20 

3 

-  3-88 

—•0020 

18 

—  1^02 

—  0041 

8 
19 
33 
40 

-1110 
-1947 
-2502 
—26-95 

+  1009 

20 

1 

+  0  00 

+  1003 

100 

2 

+  000 

20 

9 
20 
80 

117 
1-77 
208 

20 

9 
16 
26 

10-81 
1603 
20-67 

+'0038 

50 

2-58 

+•0044 

40 

24-75 

8 

—•1036 

20 

2 

—  0  00 

8 

—  1007 

100 

3 

—  0  00 

190° 

20 

12 
19 

—  -24 

—  ^37 

190O 

19 

11 
20 

—  9-02 
-14-51 

-•0012 

27 

—    -87 

—•0041 

32 
55 

— 18^67 

+  1Q30 

20 

2 

+  0-00 

+  0995 

100 

2 

+  0-00 

20 

9 
17 
83 

•43 
•71 
•99 

19 

11 
22 
28 

17^05 
26-59 
29  30 

+.0017 

44 

115 

+  0052 

41 

34-59 

9 
lOOO 

—•1033 

19 
19 

2 

a 

—  0  00 
*&5 

9' 

100" 
19 

2 
5 
8 

—  000 
-17-50 
—26-93 

100° 

—•0014 

27 

—  1-48 

+  1023 

19 

8 

•h  0  00 

Accident. 

19 

10 
81 

1-03 
2-33 

+•6023 

42 

2-74 

10 

—  lOU 

20 

1 

—  000 

10 

—  0974 

100 

1 

—  000 

loco 

20 

12 
25 

—  -92 

—  1-34 

100° 

20 

8 

7 

-20-38 
-32-33 

—•0006 

38 

—  1-65 

+•0073 
+  •0008 

10 
19 
21 

-56-23 
—62-31 
—65-63 

+  1023 

20 

2 

+  0  00 

ld« 

2 

+  0  00 

20 

21 

1-74 

20 

5 

15-08 

+•0028 

45 

2-48 

+  0078 

8 
12 
18 
22 
25 
32 
35 
42 

24-41 
33-30 
42-96 
48-14 
61-79 
59-43 
61-23 
67-76 

11 

—•1033 

21 

1 

—  0-00 

11 

+.1007 

100 

2 

—  000 

lOOo 

21 

8 
82 

—  ^46 

—  -80 

lOOo 

20 

6 

10 

—  8-.'>6 
—16-18 

-•oou 

48 

—    -89 

—•6041 

10 
22 
26 

—22  06 
-26-49 
—29  03 

+•1027 

21 

2 

+  0-00 

+  0966 

100 

3 

+  0-00 

21 

12 
26 
87 

1-18 
183 
2-17 

20 

5 
16 
23 

5-79 
30-88 
40  79 

+•0020 

60 

2-46 

+•0081 

31 
87 
45 

49  84 
55-57 
62  39 

BalL 
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Tablr  55 — Continued. 


{=30™.    p=00405«-.    a  =  28.5«.    fiz^Sl'tf, 


12 
25° 


2(*+0') 

e 

9> 

Time. 

*-*'xlO» 

T 

+  1007 

22 

2 

% 

+  000 : 

22 

5 

2-28 

11 

4-24 

20 

688 

+  0041 

36 

7-57  ' 

—  0903 

22 

2 

—  oto 

22 

13 

—  511 

20 

—  6  32 

—  0053 

25 

-  708 

13 
250 


—•1007 

20 

3 

20 

12 

22 

—  0041 

36 
2 

+  1001 

20 

20 

6 
14 
26 
31 

+•0047 

41 

-•1019 

20 

4 

20 

9 
17 
23 
36 
45 

—•0029 

59 

—  0  00 
~  2-43 

—  3-63 

—  4-74 

"+  000' 
2-00 
3-91 
6-40 
594 
6-64 

—  000 

—  -75 

—  1-56 

—  200 

—  2-75 

—  313 

—  3-75 


No. 
An. 

2(4»+*') 

9 

Time. 

*  ^X10» 

T 

14 

—•1003 

20 

2 

—  000 

25° 

20 

10 
21 
31 

—  3  99 

—  505 

—  7  03 

-0044 

20 

42 

—  7-23 

+  0U80 

2 

+  0  OU 

20 

7 
14 
18 

2-89 

4  75 

5  49 

+  •0057 

20 

23 

618 

—•1021 

5 

—  000 

20 

15 
37 
57 
63 

—  1  37 

—  2-84 

—  3-57 

—  3-86 

—  0026 

-«2 

1 

—  4-40 

+  1019 

+  0  00 

+  0029 

111 

7-74 

17 
1000 


+  1041 

j|-G006 
—•"1633" 

-0014 
+  1038 

+  0009 


22 
22 


22 
22 


22 
22 


2 
12 

22 

1 
15 
28 
40 


2 

9 

19 

27 


+  000 
1*04 
1-52 
1-89 

—  000" 

—  1-66 

—  2-21 

—  2  59 

6-60 

•79 

1-32 

1-56 


+ 


85.  Mean  values  Aeduced, — The  following  Table  56  is  interpolated  from 
tbe  preceding,  and  contains  mean  values  of  {(P'-(p')/rj  as  derived  from 
the  two  twists,  r,  alternately  positive  and  negative.  The  justification 
of  this  mode  of  obtaining  data  for  a  chart  is  given  below.  Besides 
these  data  Table  56  contains  the  number  and  temper,  and  the  electrical 
constant^  (specific  resistance,  «09  microhms,  cc,  0^  (7.),  as  well  as  the 
differences  «o— V  a»nd  ^loo—W?  in  which  the  subscripts  are  the  tempera- 
tures at  which  s  is  taken,  and  8*  is  the  constant  of  the  normal  rod,  l^o.  1. 
Hence  these  electrical  differences  correspond  to  {qt^qj/^jr^  when  ^=0^ 
O.  and  when  6^=100o  C,  respectively.  For  No.  1,  »o'=18'6,  «o— «o'=0 
and  (^— 9?')/^=^'  The  values  (^—9y)/r  are  in  the  same  horizontal- 
row  with  the  temperatures,  d,  to  which  they  belong.  It  is  not  necessary 
to  distinguish  «o— «'o  &nd  «2o— ^^20*  here. 


'  JTor  definition  of  thermo-eleotrio  hardneas,  of  BolL  U ,  S.  Geol.  Survey,  No.  14,  p.  65b 
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(p — of 
Table  56. — Values  of  — - — XlO^ /or  cMisecutive  times. 


Temper. 

No. 

•. 

2-. 

5-. 

10-. 

20-. 

30-. 

40-. 

60-. 

Annealed  at  450^  i 
Annealed  at  360O  J 

r 

Annealed  at  190O. 
Annealed  at  lOO^s 
Annealed  at  BO^.  ^ 

2 
19*4 

3 
192 

4 
190 

5 
201 

6 
28-8 

7 
30-9 

8 
31-3 

9 

87-2 
10 
34-2 
11 
335 
12 
39^2 
13 
370 
14 
40-6 

•8 

5-9 

•6 

56 

•4 

5-5 

1-5 

6-5 

102 

15-8 

123 

17^7 

12-7 

17-8 

18-6 

24-2 

15-6 

21-0 

149 

20-5 

20-8 

20 
100 

20 
100 

22 
100 

23 
100 

19 
100 

20 
100 

20 
100 

19 
100 

20 
100 

21 
100 

20 

—•00 
+  00 
—  00 
+  00 
+  00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 
•00 

-•03 

+•56 

—•06 

+115 

+  •14 

1-58 

•08 

112 

•06 

2-99 

•46 

5-10 

•14 

6^12 

•30 

17-48 

•43 

1394 

•32 

884 

2^41 

—•05 

+1^12 

—  12 

+197 

+  -;i4 

3-20 

•17 

1^97 

•12 

7-48 

•88 

11^08 

•34 

12-9-2 

•68 

32-98 

•86 

27-88 

•69 

19-38 

4-24 

—  07 
+1-88 

—  19 
+3  05 

+  •57 

4^79 

•26 

3-13 

•16 

12-72 

1-31 

18  02 

•67 

2054 

1-20 

—•08 

+  2-47 

-•23 

+391 

+  •69 

5-92 

-30 

400 

•16 

15-84 

-•10 

+2-90 

—•26 

—  10 

+3-29 

—•28 

+  •75 
6-66 

+•81 
7-34 

17-95 

2100 

•68 

24-96 

1-56 

24-82 
"28^68 

•«••••«■ 

138 
47  26 

I  08 
32-64 

6-09 

171 

106 

1-31 

41-82 

7-42 

1^48 

161 

18-4 

20 

•00 

1-15 

227 

8-55 

4-38 

221 

20 

•00 

214 

400 

5-86 

700 

7-91 

86.  Data  of  the  measurements  with  platinum  alloys. — Before  proceeding 
to  a  discussion  of  these  results,  I  will  insert  the  following  set  of  similar 
data  which  I  found  with  alloys  of  platinum.  The  normals  here  are 
wires  of  pure  platinum,  and  with  these  the  alloys  are  to  be  compared. 
The  plan  of  comparison  and  tabulation  is  the  same  as  explained  for 
steel  except  that  in  the  present  case  the  temperature,  100^,  is  made  to 
act  on  the  upper  wire  without  untwisting.  The  experiment  at  100^ 
therefore  joins  on  to  the  experiment  at  ordinary  temperature  in  such  a 
way  that  no  adjustment  of  apparatus  is  made,  further  than  the  change 
of  temperature  specified. 

The  wires  n,  n'  and  A  are  of  commercial  platinum,  purified  by  long 
continued  fusion  on  a  lime  hearth  before  the  oxy hydrogen  fame.  The 
other  compositions  are  given.  In  all  cases  8o  is  the  specific  resistance, 
a  the  temperature  coefficient  of  the  alloy. 

As  before,  like  signs  of  r  and  q}—q}*  show  that  the  lower  wire  (pure 
platinum,  normal)  is  of  greater  viscosity. 
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Table  57.— Viscosity  of  Platinum  Alloys. 


Fixed  Normal,  n',  J  5; 

=»J-2«-       ) 
=  00215«-i 

•=25o. 

No.  of  wire: 

AUoy. 

ttXlO* 

(*+*) 

•* 

Time. 

^=^X10» 

?f  ormal . . . 

• 

13-3 
2-50 

-00ft29 
—0  0378 

25 

0 

2 

14 

34 

54 

n 

Pt 

+  H)0 
2-26 
8-54 
4-16 

J— 26*2™ 

p~0.0215«"  ... 

100 

68 
73 
85 
01 
107 
120 

—8-64 
—4*24 
—4-86 
—6-13 
—5-49 
—5-71 

J. 

Pt 

12  0 
2-1)0 

—00748 
—0-0460 

25 

0 

2 

17 

29 

i— 26-(K» 

0-00 
+3-97 
+5-00 

p— 0*0215^  ... 

50 

+5-98 

75 

+6-71 

100 

80 
102 
119 
129 

+5-20 
+5-29 
+5-49 
-^5*78 

1 

Pt  annealed.. 

18-5 
1*84 

—0-0504 
—00643 

25 

0 

2 

19 

84 

i— 28-l«" 

—  00 

—  -26 

—  -64 

p— 0-0216™  ... 

47 

—  -64 

100 

54 
69 
91 

-5-21 
—5-46 
—6-60 

104 

-5-73 

2 

Pt.  annealed . . 

221 
1-49 

-0-0805 
—0  0104 

25 

0 

3- 

10 

39 

Jr=261"' 

—  '00 

—  -82 

—  09 

p— 0-02U*"  ... 

55 

—  -82 

** 

100 

G5 
75 
86 

—  -00 
-118 
—1-65 

3 

Pt.  annealed.. 

24-7 
1-83 

— 0-U1I05 
—0  0303 

25 

0 
2 

I=26-0«' 

+  -00 

p— 0-0215»  ... 

6 

+2-43 
+5-67 

21 

45 

+7-87 

67 

+856 

100 

63 

74 

85 

117 

+2-19 
+2'55 
4  2-63 
+2-75 

4 4... 

i=26-l"» 

Pt.  Ag 

191 
1-87 

—00547 
—0  0660 

24 

0 
3 

—  -00 

p=:0'02i^>"  ... 

12 
22 

—106 
—1-49 

36 

—1-86 

56 

-2-17 

•* 

100 

60 

70 

—  -00 
—7-38 

6 

Pt.AjE 

22.3 
1-6 

—0-0923 
—0  0285 

25 

0 

2 

6 

15 

Z=26-JK" 

—   00 
—230 
—4-85 

p  =  0'0217«"... 

80 

-7-11 

42 

—807 

48 

—8  66 

100 

66 
60 
76 
81 

—2-75 
^8-02 
-3-20 
-8  24 

**  Scale  raadjoatod. 
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Table  57.— Viscosity  of  Platinum  Alloys— Continued. 

Fixed  Normal,  n'.  {  ^,  ^  ^'.^^^^  }  •  =  25o. 


1 

No.  of  wire: 

Alloy. 

So 
OX  10* 

(«+4») 

•* 

Time. 

4,-4,* 

^  'xio» 

T 

6 

Pt-Ag 

840 
1-0 

-01003 
—00203 

25 

0 

1 

6 

30 

42 

52 

60 

64 

75 

80 

100 

1U6 

I  — 26-3«" 

+  -00 

+3*68 

+6-68 

+7-18 

+7-38 

+0-8 

—1-64 

-2-23 

—2  99 

—4-01 

-4-20 

p=:  0*0220"'... 

100 

7 

I?t.Pd 

19-4 
1-76 

—00738 
—0-0468 

25 

U 

2 

23 

38 

47 

54 

59 

74 

87 

105 

119 

{=26-4*" 

—  00 

—  807 
—14-01 
—14-90 
— 15-46 

—  -00 

—  3-47 

—  4-27 

—  4.87 

—  5-27 

p  =  0-0216P" . . . 

•* 

• 

100 

a 

I»»26*4«" 

20-4 

1-67 

—0-0796 
-00413 

25 

0 
1 
6 
21 
30 
41 
52 
62 
79 
84 

—  00 

—  1.84 

—  318 
-3.51 

—  3-83 
-15-32 
—1615 
—16-70 
-16-70 

p=00215""... 

100 

n. 

Normal 

• 

Pt. 

— 01»87 
— 0  03U 

25 

0 

2 

9 

15 

27 

33 

o  ............. 

—  -00 
-2-28 
—3-05 
—3-90 
—4-06 

I=2«-2«- 

p  — 0-021&*"  ... 

.     n. 
Normal ....... 

—00652 
—0-0556 

25 

0 

2 

17 

44 

Pt 

—  -00 
—2-48 
—3-38 

6 

Normal 

—0-0443 
—00766 

22 

0 

1 

4 

14 

28 

44 

After  heatiuK 
lower   wire 
thoroughly 
red  hot. 

Ft 

+     00 
+  14-21 
+32-29 
+42-71 
+49-61 

0.. ...... ...... 

Normal 

After  heating 
upper  wire 
to  omughly 
red  hot. 

—0  0436 
—00773 

22 

0 
2 
7 
17 
25 
43 
54 

-15-32 
—28-57 
-34-64 
—42-37 
—45-40 

Pt 

d 

Normal 

—0  0383 
—0  0826 

22 

0 
3 
7 

26 
47 
55 

After  heating 
lower    wire 
thoroughly 
red  hot. 

Pt 

+     -00 
+  3-84 
+13-52 
+19-18 
+20-70 

e...... 

Normal 

—0  0390 
—0-0813 

22 

0 

8 

8 

13 

29 
37 
46 

After  heating 
upper  wire 
tnorotighly 
rod  hot. 

I— 26-5«" 

Pt 

—  .-00 

-  7-52 
—1207 

—2016 
-22-77 
—25-39 

\ 

/ 

if  .............. 

p=0«2l2«"  ... 

*  Without  annealing,    t  After  careful  annealing  (both  wiree)  at  nd  'UftaX.  **  ^Q8^«  T«aA:vQA\«A. 
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DEDUCTIONS  FROM  PLATINUM  ALLOYS. 

87.  Viscous  effect  of  alloying. — The  results  just  communicated  for 
platinum  alloys  were  made  first  in  chronological  order,  and  led  to  the 
results  already  communicated  for  steel.  It  will  therefore  be  in  place  to 
discuss  the  purposes  of  the  alloy  work  and  the  diOlculties  enconntered  in 
endeavoring  to  arrive  at  intelligible  results.  In  Chapter  II  I  inferred 
from  certain  results  obtained  by  Dr.  Schroeder  and  by  myself  independ- 
ently that  wires  of  small  viscosity  were  proportionately  more  suscepti- 
ble to  the  influence  of  temperature.  It  is  this  proposition  which  the  alloy 
work  was  primarily  intended  to  elucidate.  Moreover  the  resistances  and 
temperature  coefficients  of  the  alloys  were  known  from  earlier  investi- 
gations/ in  which  the  same  alloys  had  been  operated  upon.  Hence  I 
hoped  also  to  see  whether  any  relation  between  viscosity  and  electrical 
resistance  would  be  discernible,  a  result  which  in  a  general  way  obtains 
for  tempered  steel.  In  other  words,  if  the  temperature  coefficient  of 
viscous  deformation  should  hold  similar  generic  relations  to  the  amount 
of  deformation  that  the  temperature  coefficient  of  electrical  conduc- 
tivity holds  to  conductivity,  then  an  investigation  like  the  present 

.  might  reasonably  be  expected  to  lead  to  results  bearing  directly  on  the 
mechanism  of  electrical  resistance.  This  is  the  chief  point  of  view  from 
which  the  work  is  undertaken. 

The  normal  wires  N  and  N'  were  originally  identical.  After  heating 
both  to  redness,  however,  I  was  surprised  to  find  that  the  large  differ- 
ence registered  at  the  beginning  of  Table  57  obtained.  The  upper 
wire  is  more  viscous  than  the  lower  at  25°,  but  decidedly  less  viscous 
than  the  lower  when  100°  is  applied  to  the  upper  wire,  the  temperature 
of  the  lower — as  in  all  these  experiments — being  fixed.  Yet  these  re- 
sults are  not  sustained  by  the  platinum  wire  A, 

The  gold  alloys  form  a  series  in  which  mean  viscosity  tends  to  increase 
with  electrical  resistance;  but  the  behavior  in  the  divers  cases  is  ob- 
scure. Again,  the  silver  alloys  form  a  series  in  which  the  increase  of 
viscosity  with  resistance  is  very  decidedly  marked.  Moreover,  the  effect 
of  temperature  to  accelerate  viscous  deformatian  decreases  as  the  vis- 
cosity decreases. 

Finally  these  deductions  hold  for  the  two  palladium  alloys. 

88.  These  results  are  encouraging,  notwithstanding  the  element  of 
vagueness  which  it  is  almost  impossible  to  eliminate.  The  general  re- 
sult is  in  favor  of  high  electrical  conductivity  associated  with  small 
viscosity  and  small  temperature  coefficients.  Platinum  itself,  however, 
is  a  marked  exception  to  this  observation.  Hence  to  determine  the 
amount  of  variation  of  the  normals,  as  well  as  to  enter  more  closely  into 
the  nature  of  the  discrepancy,  I  made  the  investigation  comprehended  in 
the  second  part  of  Table  57.  The  results  obtained  show,  in  the  first 
place,  that  in  consequence  of  the  twisting  incident  to  the  examinations 

>  BoUetm  U.  S.  Gool.  Survey,  Ko.  54, 188U,  p.  143. 
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of  the  wires  Nos.  1  to  8,  the  lower  wire  has  gained  in  viscosity  sufficiently 
to  exceed  the  upper  (unused)  wire  in  this  respect.  This  relation  is  main- 
tained even  after  both  wires ^re  similarly  annealed.  I  then  made  the 
experiment  of  annealing  only  one  of  these  wires  in  the  way  the  table  indi- 
cates. The  results  are  striking.  It  appears  that  in  every  case  the  freshly 
annealed  wire  is  enormously  less  viscous  than  the  unannealed  wire; 
and  that  this  difference  of  viscosity  produced  by  these  mere  mechanical 
means  is  so  large  as  would  wholly  mask  and  obscure  the  effects  of  al- 
loying investigated  in  the  earlier  part  of  Table  57.  Having  thus  found 
how  large  an  error  in  the  observed  viscosity  may  be  introduced  by  even 
trifling  differences  of  mechanical  treatment,  I  concluded  that  an  inves- 
tigation into  the  true  effect  of  alloying  would  necessarily  be  of  an  ex- 
ceedingly refined  character,  and  would  therefore  not  fall  properly  within 
the  scope  of  the  present  bulletin.  Further  attempts  to  study  the  vis- 
cosity of  alloys  were  therefore  for  the  present  abandoned. 

Whatever  may  be  the  effect  of  alloying  on  viscosity,  it  is  clear  that 
the  enormous  electrical  effect  produced  by  alloying  platinum  (resistance 
increased)  and  the  relatively  small  electrical  effect  produced  by  impart- 
ing a  strain  are  quite  out  of  proportion  and  symmetry  with  the  corre- 
sponding viscous  effects  in  the  two  cases.  Again,  the  effect  of  temper- 
ature in  changing  viscosity  is  much  too  marked  to  conform  with  the 
resistance  effect  of  temperature.  These  results  appear  more  clearly  in 
the  data  for  steel. 

89.  Effect  of  annealing  and  hardening  platinum, — In  this  place,  how- 
ever, the  effect  of  annealing  at  red  heat  is  of  special  interest.  The  two 
wires  N  and  N'  being  chemically  identical,  the  effect  of  annealing  on 
the  molecular  configuration  must  be  the  same  in  each  case.  If  a  thin 
wire  be  heated  red  hot  and  cooled  in  air,  the  result  is  a  strain  of  dila- 
tation imparted  to  the  wire  on  cooling.  Hence,  for  this  reason  alone, 
the  molecular  stability  of  the  wire  is  of  a  lower  order  than  obtains, 
cseteris  paribus,  when  cooling  takes  place  with  extreme  slowness. 
This  is  the  case  of  the  freshly  annealed  wire.  Again,  it  is  probable,  if 
such  a  wire  is  twisted,  even  over  small  arcs,  that  the  greater  number 
of  the  more  unstable  configurations  will  be  mechanically  broken  up; 
for  it  is  clear  that  the  prevailing  tendency  must  be  such  as  to  cause  the 
unstable  configurations  continually  to  fall  to  positions  of  minimum  po- 
tential energy.  If  twisting  be  indefinitely  repeated,  therefore,  the 
result  is  very  perceptible  hardness  and  elasticity.  It  is  not  necessary 
to  recite  here  the  many  experiments  I  made  to  elucidate  these  ques- 
tions.   I  will  confine  myself  to  a  statement  of  results. 

In  the  first  place,  when  two  wires  as  nearly  as  possible  identical 
(chemically  and  physically)  are  compared,  the  question  arises  in  how 
far  viscosity  may  vary  with  the  time  which  elapses  after  annealing. 
The  experiments  made  showed  a  slight  increase  of  viscosity  with  the 
time  given  to  the  molecules  to  subside  after  annealing  in  air.  Two 
identical  wires  of  platiuum  were  annealed,  for  inslaui^^  ^uti  Wi^\l  ^* 
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lowed  to  rest  for  several  hours ;  after  which  only  one  of  the  wires  was 
again  annealed,  and  the  two  were  at  once  compared  after  cooling.  This 
and  similar  tests  indicated  small  decrease  of  viscosity  of  the  freshly 
annealed  wire;  results,  however,  by  no  means  comparable  with  the  data 
of  the  above  table  and  often  obscure.^ 

The  sign  of  the  twist  of  the  wires  iT,  N'j  of  pure  platinnm,  compared 
in  the  table  is  tl^e  same  throughout  The  question  therefore  arises  in 
how  far  an  earlier  stage  of  viscous  subsidence  simply  overtakes  a  later 
stage.  To  determine  this  it  is  sufiBcient  to  reverse  the  sign  of  the  twist 
alternately  without  fresh  annealing;  or  to  reverse  it  with  each  of  the 
alternate  annealings  of  the  upper  and  lower  wire.  Experiments  made 
in  some  number  showed  that  even  in  this  case  the  results  of  the  second 
part  of  Table  57  hold  good,  the  diminution  produced  being  in  degree, 
not  in  sign.  The  viscous  deformation  of  freshly  annealed  wire  takes 
place  at  a  decidedly  greater  rate  even  when  the  viscous  motion  of  the 
other  wire  is  intensified  by  an  impressed  latent  straiu. 

SUMMARY. 

All  these  results  are  such  as  follow  at  once  from  MaxwelPs  theory. 
They  show  that  the  effect  of  twisting  is  to  l>e  referred  to  the  motion  of 
molecules  which  accompanies  it.  The  molecules,  together  with  their 
component  atoms,  are  thus  placed  in  new  relative  positions;  therefore 
unstable  configurations  during  the  course  of  such  motion  are  continu- 
ally broken  up  into  configurations  of  smaller  potential  energy  and 
greater  stability.  Hence,  finally,  the'  observed  decrease  of  viscosity. 
By  reversing  the  sign  of  the  twist  the  original  configurations  can  be 
only  partially  restored,  even  for  small  permanent  set,  such  as  is  here  in 
question ;  and  the  effect  of  prolonged  and  repeated  twisting  is  stiffness 
and  const^int  viscosity,  because  all  the  molecules  have  collapsed  into 
configurations  of  minimum  stability,  and  the  intrinsic  molecular  energy 
is  the  potential  minimum  compatible  with  the  given  conditions. 

DEDUCTIONS  FOR  STEEL. 

"accommodation"  in  glass-hard  steel. 

91.  The  phenomena  proper. — Steel  wires  were  used  in  our  earlier  work,* 
free  from  torsion  strain.  The  hard  steel  wires  of  the  present  paper,  em- 
ployed in  other  researches,  may  contain  twists  stored  up  like  residual 
magnetism.  This  produces  a  kind  of  unilateral  symmetry,  so  far  as 
torsions  are  concerned ;  but  it  is  not  otherwise  objectionable.  In  criti- 
cal cases  wires  free  from  latent  torsion  are  selected. 

>  The  thermal  effect  -v^'ithont  annealing  ia  so  nearly  negligible  aa  to  prove  that  )n  Dr.  Schroeder's 
work  ( Wied.  Ann.,  vol.  28, 1886,  i).  309)  the  observed  result  is  to  be  ascribed  to  annealing  of  hard-drawn 
wire.  Begarding  my  own  work  I  may  say  that  I  am  not  sare  that  both  wires  were  kept  qaite  flree 
from  tensile  stress,  the  import«noe  of  which  I  did  not  at  the  time  fully  appreciate.  In  a  later  reaearch 
I  made  a  detailed  study  of  the  viscous  effects  of  traction  and  utlicr  mechanioal  stress.  {Ct  Phil.  Mag. 
Feb.,  1889,  p.  155.) 

"Bams  and  Strouhal :  Am.  Jour.  Soi.,  (Ill),  886,  vol.  82,  Ip.  448;  1887,  voL  34,  P*  ^ 


BABUB.]  ACCOMMODATION   IN   STEEL.  89 

Tarning  to  Table  55,  the  individual  wires  are  foand  to  show  wide  dif- 
ferences of  viscoas  behavior.  In  No.  2  the  viscoas  subsidence  takes 
place  at  nearly  the  same  rate  for  — r  and  for  +t,  both  at  ^=20°  and 
at  ^=1000.  In  N'o.  3  the  effect  of  —  r  and  +  r  is  of  different  magnitude 
at  20O,  and  enormously  different  at  lOQo.  In  N^o.  4  the  effect  of  +r 
following  —  r  is  even  more  phenomenally  pronounced  at  20^  and  par- 
ticularly at  1(HP.  In  No.  5  the  wires  nearly  identical  at  20^  show 
differences  at  100<^.  In  No.  6  this  is  true  in  even  much  greater  degree, 
whereas  in  No.  7  wires  differing  considerably  at  20^  show  relatively 
small  differences  at  ICKP.  And  so  I  might  go  through  the  series.  Nos. 
13  and  14  are  wires  originally  free  from  strain  (shear)  ^  but  vagueness 
also  appears  in  these. 

Careful  inspection  of  the  tables  reveals  the  law  that  viscous  defor- 
mation takes  place  at  numerically  greater  rates  during  the  even  twists 
than  during  the  odd  twists  which  immediately  precede  them  respec- 
tively. Aside  from  these  oscillations,  the  effect  of  twisting  here  (§  00) 
is  again  pronounced  increase  of  viscosity. 

Maxwell's  theory  accounts  for  the  stated  vagueness  of  behavior  at 
once.  In  J}wo  samples  of  a  complex  substance  like  steel  the  distribu- 
tions and  relations  of  the  unstable  molecular  configurations  will  only  in 
very  rare  instances  be  physically  and  chemically  identical.  The  fore- 
going paragraph  shows  that  such  identity  is  rare  even  in  pure  homo- 
geueous  metal.    (§  94.) 

The  effect  of  twisting  alternately  in  opposite  directions  is  of  so  great 
importance  in  its  bearing  on  Maxwell's  theory  that  I  made  further 
special  experiments.  From  these  I  select  the  following  example,  tabu- 
lating it  as  in  case  of  Table  55.  The  normal  No.  1,  annealed  at  450^, 
has  been  described.  No.  18,  annealed  at  25o,H>r  glass  hard,  is  carefully 
selected  free  from  latent  torsion,  having  experienced  no  other  strain 
prior  to  the  examination  in  Table  58  thao  that  incident  to  tempering 
(quenching).  There  are  twelve  alternations  of  twist,  indicated  by  sub- 
scripts, and  the  current  time  in  hours  and  minutes  of  each  is  given.  I 
also  give  under  m  the  time  in  minutes  which  refers  specially  to  the 
duration  of  each  twist.  No.  1  being  of  greater  viscosity,  r  and  {^— <p')lt 
are  alike  in  sign,  by  agreement. 

Experiments  made  by  counter-twisting  two  glass-hard  wires  gave  re- 
sults like  this,  but  on  a  smaller  scale.  To  compare  the  results  of  Table 
58  perspicuously  it  is  sufficient  to  construct  the  differences,  J(<^— ^')/r, 
of  the  respective  value  of  (9?— ^)/r,  at  tvoo  and  fowr  minutes  after 
twist  is  imparted.  These  are  then  to  be  compared  in  their  dependence 
on  current  time,  as  has  been  done  in  Fig.  24.  Phenomena  of  this  kind 
were  called  ^^accommodation"  by  Streintz,*  their  discoverer,  by  Wiede- 
mann,' Kohlrausch,'  and  others.  Tbe  fact  that  Boltzmann's  law  con- 
tains them  is  among  its  chief  excellencies. 

>  Streinia:  Poxi;.  Ann..  1874,  vol.  153,  p.  40e. 

*  Wiedemann:  Wied.  Ann.,  1879,  vol.  6,  p.  512.    This  work  is  tbo  mo«t  covn\>T«Vi^Tk%V9«k  ^IWv^t^'issvdX 
fMearcbee. 
•KoUnuiieA/  Pogg.  Aon.,  1878^  vol  158,  p.  371.     Ct  Schmidt:  WVed.  AiwxM^^V^'WKn,'^^ Vk* 
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Table  58. —  VUcoug  effeeis  of  twisiing  glass-hard  steel  alternaiehj  in  oppasite  directionB. 

Normal  wire  No.  1  -,  I =30™  p=  •0405^. 


Bemarks. 

T 

Time. 

No.  18, 
Annealed  at 
25°. 

—•102 

9»  13- 
15 
17 
28 
35 

No.  18, 

+  102 

9*  37- 
39 
41 
52 
60 

No.  18, 

—•102 

10*    2- 

4 

8 

19 

25 

N0.I84 

+•102 

10*  28- 
30 
38 
41 
48 

No,  la. 

—•102 

10*  50- 
52 
59 
70 

No.  18« 

+  102 

11*  Il- 
ia 
15 
25 
33 

11*  35- 
37 
30 
56 
67 

No,  18f 

-•102 

m 


0 

2 

4 
15 
22^ 

0 

2 

4 

15 

23^ 

0 
2 

6 
17 
23 


0 

2 

8 

13 

20 

6 
2 

7 
20 

0 
2 
4 

14 
22 

0 
2 
4 

21 
22 


*-0' 


X10» 


—  -00 
—1-31 
—407 
—504 


+  -00 
1-50 
5-17 


—  '00 
—1-45 
—3-28 
—3-93 


+  •oo 

2*04 
3-04 
3.86 


—  -00 
—1-59 
—273 


-    00 

•76 

2-59 

3-42 


—  •OO 

—  -52 
—2-38 
—2-45 


6-45  i 


Bemarks. 


No.  18,. 


No.  18,. 


No.  18|o 


No.  18ji 


No.  18„ 


No.  18u 


No.  I814 


No.  18,g 


+  102 


Time. 


12*    0- 
2 

4 
20 


—  102 


+-10:J 


•102 


+•102 


12*  24- 
26 
28 
40 


12*  42* 
44 
4G 
54 


1*    5- 
7 
9 
21 


1*  2:{- 
25 
27 
36 


m 


0 
2 

4 
20 

0 

2 

4 

_16 

0 

2 

4 

12 

21 


0 
2 
4 

0 

2 

4 

13 


♦-♦' 


X10« 


AftAr  f§«ven<l  iIhvs. 


—  102 

9^  47- 

49 

51 

60 

+•102 

10*    2- 

4 

6 

15 

-102 

10*  17- 

19 

21 

30 

0 
2 

4 
U 

0 
2 

4 
J3 

U 
2 

4 
13 


-  -60 

•£»9 

2-62 


—  -00 

—  -41 
— ^•38 


.  -00 

•55 

1-76 

2-55 


-  -00 

-  -45 
-1-76 


•Od 

•48 

1*60 


—  •OO 

—  -62 
—2-07 


+    00 

•69 

4  42 


—  '00 

—  -62 
—2-21 


Table  59. —  Viscous  accommodation  of  glass  hard  steel.    Digest  of  Table  58. 


Twist 
No. 


1 
2 

3 

4 


Time. 


0" 
24 
•49 
75 


iy^* 


X10» 


— 131 
+1-59 
—  BS 
+  -97 


Twist 
No. 

Timp. 

5 

6 

7 

8 

97- 
118 
142 
167 

*-^' 


X10» 


—  69 
+  -76 

-  -52 
+  -59 


Twist 
No. 

Time. 

9.... 
10... 

11 

12... 

191- 
209 
232 
250 

*-*' 


X10» 


-•1^ 

+  •So 
—  -45 
+  -48 


If  the  numerics  of  J  {(p—(p^)/r  in Xible  59  be  regarded  in  their  de- 
pendence on  time,  the  results  are  seen  to  oscillate  around  a  mean  line  of 
equilibrium.  The  ordinates  of  this  mean  line  decrease  with  time  at  a 
gradually  retarded  rate,  until  a  definite  inferior  limit  is  eventually 
reached.  This  is  very  clearly  shown  by  the  diagram,  Fig.  24.  It  is 
curious  to  note  that  the  largest  observed  ordiuate  (time  =  0,  nearly),  is  at 
least  three  times  the  limiting  ordiuate  (time  =  ao  ).  After  12  twists  oscil- 
lation has  considerably  subsided,  but  it  has  not  ceased ;  in  the  same 
degree  the  viscosity  of  the  glass- hard  rod  has  reached  a  fixed  maximam. 

This  complicated  phenonomen  is  at  once  elucidated  by  Maxwell's 
theory.  The  ordinates  of  the  line  around  which  oscillation  takes  place, 
are  an  index  of  the  degree  of  instability  of  molecular  configuration,  at 
the  time  given  by  the  abscissa).    The  oscillations  are  the  result  of  strain 
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(latent  shear,  I  may  call  it)  imparted  to  the  configurations  by  the  sac- 
cessive  twists  to  which  the  wire  is  subjected.  Thus  if  r  be  the  im- 
pressed twist,  and  Ax  the  mean  strain  left  in  the  configurations  at  the 
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instant  when  r  is  removed ;  and  if  n  be  the  original  relative  number  of 
unstable  configurations,  and  An  the  number  broken  up  during  the  period 
of  the  strain  r;  then  (apart  from  subsidiary  considerations)  Maxwell's 
theory  analyzes  the  effects  of  alternate  twisting  in  accordance  with  the 
following  scheme: 


I^nt  twist ... 
Second  twist . 
Third  twist.. 
Fourth  twist. 
Fifth  twist... 


Stndn. 
.  — r 


Molecular  instability. 


r/// 


An 


An 
A' in 


A"'n 


—  A^n  —  A'. 2  n—  A'\  n  —  A'"  n 


The  variation  which  A  undergoes  in  passing  from  one  twist  to  the 
next  is  indicated  by  subscripts.  Thus  Ar^  Aitj  Atr^ ....  is  probably 
a  decreasing  series;  whereas  Jn,  Ain^  A^n^ ....  is  an  increasing  series 
because  reversal  of  the  sign  of  the  twist  must  be  supposed  to  recon- 
struct some  of  the  configurations  broken  up  by  the  preceding  twist. 
The  first  part  of  the  scheme  indicates  that  the  strain  in  the  2d,  4th,  6th 
.  •  •  twists  is  necessarily  greater  than  the  strain  in  the  immediately  pre- 
ceding 1st,  3d,  5th  . . .  twists  respectively,  at  least  at  the  outset  of  the 
experiments.  Hence  the  observed  oscillation.  Again,  the  number  of 
unstable  configurations  must  continually  decrease,  according  to  the 
second  half  of  tbe  scheme.  Hence  the  mean  line  about  which  the  ob- 
served viscous  deformations  oscillate.    Finally,  ex.i^^x\\xi^\i\i  ^^^^  \X^»X» 
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the  accelerating  effect  of  Jr  od  viscoas  deformation  is  greater  than 
the  retarding  eflfect  of  —  Jn,  After  this,  however,  the  accelerating 
effect  of  A^r  —  A\t  ^A"r^  and  the  succeeding  r-qaantities,  is  always 
less  than  the  retarding  effect  of  —  A%n-'Ax  n—A"n^  and  the  succeeding 
n-qnantities,  respectively. 

The  scheme  admits  of  simplification ;  bnt  inasmuch  as  the  period  of 
oscillation  is  arbitrary,  the  phenomenon  remains  indefinitely  complex. 

92.  Motional  effects  estimated, — The  second  part  of  Table  58  shows 
that  the  viscosity  gained  in  virtue  of  consecutive  alternate  twisting  of 
glass-hard  steel  is  permanently  gained.  The  results  indicate  some  re- 
cuperation; but  the  amoant  is  small  in  comparison  with  the  havoc  of 
configurations  made  by  twisting.  Mere  molecular  motion  has  therefore 
permanently  broken  the  more  unstable  configuration!^.  I  will  note  that 
the  viscous  effect  of  prolonged  twisting  to  and  fro  in  case  of  glass-hard 
steel,  is  of  the  same  order  of  magnitude  as  the  effect  of  prolonged  an- 
nealing at  lOQo.  This  indicates  the  importance  of  the  motional  effect 
in  question. 

If,  following  the  analogy  of  steel,  I  consider  annealing  a  process  by 
which  unstable  configurations  are  broken  up,  I  may  designate  the  phe- 
nomenon here  in  question  as  motional  annealing.  Experiments  for 
which  there  is  no  room  here  showed  that  motional  annealing  is  rela- 
tively without  electrical  effect.  For  increasing  rates  of  twist  thick 
wires  show  viscous  deformatiou  sooner  than  thin  wires.  Hence  mo- 
tional break  up  commences  at  the  external  surface  where  stress  is  most 
intense,  and  proceeds  thence  toward  the  axis  where  stress  is  least. 
Thus  there  appears  an  essential  dependence  on  the  dimensions  of  the 
twisted  rod.  Elsewhere^  I  pointed  out  that  the  limits  of  torsional  resil- 
ience of  soft  iron  are  reached  when  the  obliquity  of  the  external  fiber 
(shear)  somewhat  exceeds  *003  radians.  Begarding  the  laws  of  mo- 
tional annealing,  cf.  §  101.  It  follows  from  the  absence  of  electrical 
effect,  that  motional  annealing  probably  presents  a  pure  case  of  Max- 
well's "  break  up"  of  configurations  of  molecules. 

93.  ^^ Accommodation^  and  hysteresis, — Streintz  and  Wiedemann's 
phenomenon  '<  accommodation"  admits  of  representation  from  a  differ- 
ent point  of  view.  Keturning  to  the  data  of  Tables  58  and  59,  suppose 
the  experiment  so  conducted  that  the  twelve  twists  are  immediately 
consecutive.  Suppose,  furthermore,  that  time,  m,  instead  of  being  reck- 
oned positively  onward  from  the  beginning  of  each  of  the  said  twists, 
were  reckoned  alternately  positive  and  negative,  conformably  with  the 
sign  of  the  deformations  (^— ^0/r«  ^n  this  oscillatory  march  (time  as 
abscissa),  since  each  deformation  (ordinate)  now  begins  where  the  pre- 
ceding deformation  ceased,  a  continuous  series  of  open  cycles  is  neces- 
sarily generated.  The  positions  of  these  cycles  shift  at  a  gradually 
retarded  rate,  toward  a  final  very  flat  cycle,  which  for  the  constant 
values  of  time  and  stress  is  fixed  in  position  and  closed. 

1  Am.  Jonr.  SoL  (III),  1887,  vol  34,  p.  183. 
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Gyclos  here,  fixed  or  not,  are  expressious  of  the  fact  that  the  *^past 
histories"  (in  Maxwell's  words)  of  the  molecular  coufigarations  in  the 
"stress  positive"  and  "stress  negative"  phase  of  ea<5h  cycle  are  not 
the  same.  Shifting  is  brought  aboat  by  permanent  molecular  break  np, 
the  amount  of  which  gradually  vanishes.  In  the  ultimate  and  fixed 
cycle  as  many  configurations  are  broken  during  the  "stress  positive" 
as  are  reconstructed  in  the  "  stress  negative"  phase,  though  they  need 
not  be  the  same  configurations. 

These  considerations  suggest  a  comparison  between  ^^accommoda- 
tion" and  Prof.  B wing's'  "  hysteresis,"  for  the  purpose  of  detecting  the 
extent  to  which  like  causes  are  discernible  in  each  phenomenon.  Both 
exhibit  a  static  character.  But  such  comparison  would  not  be  fruitful 
without  special  and  direct  experiments ;  for  the  instantaneous  values  of 
stress  and  of  viscosity  must  be  coordinated. 

94.  Viscous  and  eUctrieal  behavior  compared. — ^Having  thus  discussed 
one  phase  of  the  results  in  Table  55,  I  pass  to  Table  56,  which  is  a 
digest  of  the  mean  values  of  Table  ^5,  in  so  far  as  such  a  digest  can  be 
made.  Following  the  scheme  at  the  end  of  the  preceding  paragraph, 
this  comparison  should  be  made  after  an  infinite  number  of  twists  have 
been  imparted  to  each  wire.  In  such  a  case,  however,  the  original 
number  of  unstable  configurations  has  been  seriously  reduced;  so  that 
apart  from  the  annoyance  of  so  timeconsnming  a  method  as  this,  the 
original  properties  of  the  wire  are  not  clearly  present  in  the  results. 
In  wires  perfectly  free  from  strain,  at  the  outset,  the  first  twist  leads 
to  the  best  indications  of  the  viscous  quality.  As  this  condition  could 
not  always  be  guaranteed  for  the  wires  of  this  chapter,  I  have  accepted 
the  mean  viscous  behavior  during  the  first  and  second  twists  as  the 
best  available  index  for  comparison.  It  is  sufficient,  at  least  for  the 
present  purposes.  Again  taking  the  mean  for  rods  of  the  same  nominal 
temper,  I  obtain  data  from  which  a  chart  is  easily  constructed,  by  rep- 
resenting mean  viscous  deformation  (9>— 9^)/r,  varying  with  time,  for 
each  of  the  divers  degrees  of  hardness  annealed  at  25^,  lOQo,  190o,  360^, 
450<^,  respectively.  It  so  happens  that  the  normal  rod,  No.  1,  is  less 
viscous  than  the  other  rods,  No.  2  and  No.  3,  of  like  temper.  Hence 
the  negative  numbers  in  Table  56,  which  may  be  eliminated  by  increas- 
ing the  other  data. 

Beturning  to  Table  56,  it  is  clear,  inasmuch  as  viscous  deformations 
are  measured  dififerentially,  that  {(p—<p')r  and  So—s'o  are  to  be  com- 
pared. It  appears  that  these  quantities  increase  and  decrease  together. 
This  is  more  easily  discernible  when  rods  free  from  strain  are  com- 
pared.' The  exceptions  of  Table  56  are  due  to  the  fact  that  the  latent 
strains  influence  (<p—(p')/r  to  a  relatively  much  greater  extent  than 
8o—s'o>  Again,  if  »ioo— ^'ao  and  (9—  <p')/r  be  compared  at  1(KP,  Table  56 
shows  that  in  this  case  also  the  two  quantities  increase  and  decrease 


>  Kwing:  PM1.  Tnuui.  Roy.  Soo.,  II,  1865,  p.  523 ;  ibid.,  II,  1886,  p.  36L    ProC  SwIb«;%  «tt\^s»^VKttw^ 
an  then  giT«n>    Cf.  alsoCohn:  Wied.Aiin.,  1879,Tol.6,p.40E. 
•  BmroB  MBd  aumthal:  Am.  Jour.  3oL  (HI),  1887,  foL  83,  pp.  M| IV 
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together.  Indeed,  the  data  for  lOQO  are  the  more  aniform,  a  resalt  due 
to  the  fact  that  at  100^  much  of  the  latent  torsion  in  made  to  vanish 
because  of  the  annealing  effect  of  100^.  Data  of  even  greater  uni- 
formity, ceteris  paribus,  are  to  be  looked  for  at  higlier  temperatures.' 

When  a  comparison  is  made  between  the  mean  rates  at  which  viscous 
deformation  and  resistance  increaf^e  together  with  temper,  at  20^ 
{((p—q/)/r  and  »o— «'o)>  and  at  100^  ((9— ^O/'^  ^^^  «ioo— «'2o)j  it  is  seen 
that  the  mean  rate  of  increase  of  (qf'--(p')fr  relatively  to  «— «'  is  about 
ten  times  as  great  at  100^  as  at  20^.  This  is  the  phenomenon  in  virtue 
of  which  the  viscous  behavior  of  steel,  regarded  as  a  test  of  Maxwell's 
theory,  is  almost  crucially  important.    I  will  endeavor  to  explain  it. 

95.  Viscosity  at  mean  atmospheric  temperature. — Dr.  Strouhal  and  I 
defined  the  glass-hard  state  of  steel '  as  the  stage  of  tem  per  which  under- 
goes incipient  annealing  at  mean  atmospheric  temperature.  Inasuuich 
therefore  as  annealing  is  demonstrably  accompanied  by  chemical 
decomposition^  even  at  temperatures  slightly  above  mean  atmospheric, 
the  molecular  configuration  of  glass-hard  steel  is  always  in  a  state  of 
incipient  changed  A  part,  thougli  not  the  whole,  of  this  change  must 
be  of  a  permanent  kind;  and  I  wish  to  keep  in  mind  that  at  the  tem- 
perature of  incipient  annealing  the  heat  motion  is  such  that  broken 
configurations  are  sometimes  reconstructed. 

Inasmuch  therefore  as  glass-hard  steel  contains  more  unstable  config- 
urations than  any  other  state  of  temper,  at  the  same  temperature,  it 
follows  from  Maxwell's  theory  that  glass-hard  steel,  despite  extreme 
hardness,  must  be  the  lease  viscous  member  of  the  whole  group  of 
tempered  and  soft  steels.  This  strikingly  anomalous  prediction  of  the 
theory  is  verified  both  by  the  results  of  Table  56,  as  well  as  in  earlier 
work^  in  a  way  so  pronounced  as  to  be  irrefragable. 

If  glass-hard  steel  is  annealed  at  100^,  the  greater  number  of  the  un- 
stable configurations  are  broken  up  in  virtue  of  the  increased  molecular 
vibration  at  the  higher  temperature.  The  cold  rod,  nfter  annealing, 
will  show  increased  viscosity  in  proportion  Sk»  the  number  of  unstable 
configurations  has  decreased.  Experiment  proves  this  in  a  strikingly 
conclusive  way :  the  increase  of  viscosity  thus  produced  is  marked, 
being  nearly  half  the  difference  between  the  soft  and  haixl  states  of 
steel.    This,  too,  is  an  observation  favorable  to  Maxwell's  theory;  for 

1  Maxwoll's  words  are  (loo.  cit);  *'.  .  .but  if,  on  accoani  of  rise  of  temperature  .  .  .  thebrcakingop 
of  the  leas  stable  groups  ia  facilitated,  tbe  more  stable  groups  may  again  assert  their  away,  and  tend 
to  restore  tbe  body  to  tbe  shape  it  bad  before  deformation." 

*  Wied.  Ann.,  vol.  11, 1880,  pp.  1)62, 003. 

*  Baros  and  Stmobal:  Am.  Joar.  Soi.,  (IH),  1888,  p.  270. 

4  During  tbe  laat  three  years  I  haye  been  making  experimenta  on  the  secular  nnnealfng  of  cold  bard 
steel.  Tbe  results  are  very  striking,  and  show  that  mean  atmospberio  temperature  acting  on  freshly 
quenched  steel  for  a  period  of  years  produces  a  diminution  of  hardness  nearly  equal  to  that  of  IWiP  C. 
acting  for  a  period  of  hours.  I  examined  some  twenty  rods,  the  specific  resistance  of  which,  within 
thirty-seren  months,  has  fallen  ttom  46-5  to  42*5,  in  tbe  case  of  thin  rods  (diameter  <0-08«''),  and  fhnn 
48*7  to  35*4  in  the  case  of  thicker  rods  (diameter  0*13«).  Freshly  quenched  pieces  showed  resiatanoM 
as  high  as  50,  nearly. 

*  Bania  and  Strouhal:  Am.  Jour.  Soi.  (in),  1887,  vol.  23,  pp.  25^  20. 
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if  there  be  configurations  with  an  inherent  tendency  to  collapse  at  ordi- 
nary temperatares,  bat  a  small  fnvction  of  them  will  sarvive  at  lOO^. 
Moreover  the  configurations  broken  up  cauuot  be  reconstructed  without 
expenditure  of  fresh  energy  (quenching).  Since  no  such  energy  is  ordi- 
narily available,  the  viscous  properties  of  the  annealed  rod  are  of  a 
permanent  kind. 

Again,  if  glass-hard  steel  (or  steel  annealed  at  lOOO)  be  softened  by 
annealing  at  200^,  a  greater  number  of  unstable  groups  will  be  broken 
np  than  in  the  foregoing  case.  The  viscosity  of  the  cold  rod  must 
therefore  be  considerably  greater  than  that  of  the  hard  rod.  Ex))eri- 
ment  proves  the  viscous  increase  to  be  about  two-thirds  of  the  whole 
viscous  dift'erence  between  hard  and  soft  steel.  Chemical  analysis 
gives  evidence  of  the  occurrence  of  decomposition;  and  inasmuch  as 
the  unstable  groups  are  permanently  broken,  the  annealed  rod  shows 
determinate  viscous  properties. 

If  glass-hard  steel  be  annealed  at  300o,  4000,  500^,  etc.,  effects  of  the 
same  nature  as  those  just  discussed,  but  differing  from  them  in  the  de- 
gree of  thorough  removal  of  the  unstable  configurations,  will  result. 

The  phenomenon  as  a  whole  must  be  considered  continuous,  both  as 
regards  temperature  and  time.  In  proportion  as  temperature  is  higher, 
however,  Maxwell's  theory  predicts  that  the  effects  of  the  same  incre- 
ment of  the  temperature  of  annealing,  will  produce  increments  of  vis- 
cosity successively  diminishing  at  a  very  rapid  rate.  Supposing  mole- 
cular configurations  originally  present  in  all  states  of  stability,  it 
follows  at  once  that  the  groups  which  retain  this  quality  after  anneal- 
ing must  very  soon  vanish  when  the  temperature  of  annealing  is  in- 
creased. The  data  prove  this  in  a  convincing  way:  liods  annealed  at 
300O,  400O,  500O, ....  lOOQo,  show  about  the  same  viscous  behavior 
(relatively  speaking),  notwithstanding  the  fact  that  chemical  analysis 
proves  that  the  decomposition  incident  to  the  successive  apx»lication  of 
these  temperatures  on  glass-hard  steel  continues  steadily  to  increase.^ 
Indeed,  chemical  decomposition  above  300^  is  more  marked  than  below 
300^;  yet  its  bearing  on  Maxwell's  theory  is  now  without  interest,  be- 
cause in  none  of  the  high  annealed  rods  do  configurations  unstable  at 
mean  atmosperic  temperature  survive  after  annealing. 

96.  Viscosity  at  10(P. — Having  analyzed  the  phenomena  at  mean  at- 
mospheric temperature,  I  come  next  to  consider  the  conditions  of  mean 
relative  viscosity  at  100^.  The  glass-hard  state  must  here  be  with- 
drawn for  consideitation  in  §  98 ;  because  such  a  rod  would  undergo 
annealing  during  the  viscous  measurements  at  100<^. 

Hard  steel  annealed  at  100^  bears  the  same  relations  to  100^  that 
glass-hard  steel  does  to  mean  atmospheric  temperature.  Hence  the 
reasoning  of  the  preceding  paragraph,  mutatis  mutandis,  applies  at 
once.  It  is  merely  necessary  to  bear  in  mind  that  100^  is  now  the  tem- 
perature of  incipient  annealing,  and  that  therefore  the  temperatures 

■Am.  Jour.  8el.,  1886,  toL  32,  pp.  277, 282. 
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which  produce  corresponding  viscous  effects  are  proportionately  higher. 
Eods  annealed  at  200^  now  occupy  about  the  same  relative  position  that 
rods  annealed  at  100^  did  in  §  95 ;  rods  annealed  at  300^  the  same  rela- 
tive position  as  rods  annealed  at  200^,  etc.  Moreover,  for  equal  incre- 
ments of  the  temperature  of  annealing,  the  increment  of  viscosity  shown 
by  the  rod  at  100^  diminishes  rapidly  as  temperature  increases,  etc. 

In  one  respect  the  present  results  dififer  from  the  above :  the  phe- 
nomena are  here  spread  out  over  a  scale  (roughly  estimated)  about  ten 
times  as  large.  This  means,  following  Maxwell's  theory,  that  at  100^ 
the  number  of  unstable  molecular  configurations  is  relatively  much 
larger  than  at  mean  atmospheric  temperature.  The  reasons,  though 
not  far  to  seek,  are  exceedingly  significant.  In  hard  steel,  at  100^  two 
causes  of  molecular  instability  produce  superposed  eHects.  The  first  is 
the  chemical  or  x^arbon  instability  already  discussed^  the  second  cause 
is  purely  thermal.    Cf.  §  102. 

The  explanation  of  the  diagram  for  100^  is  now  clear.  Viscous  def- 
ormation is  marked  in  all  the  rods  examined  from  annealed  at  500^  to 
annealed  at  100^ ;  but  the  deformability  increases  at  a  rapid  pace  in 
proportion  as  we  pass  from  softer  to  harder  steel,  because'  in  such  a 
march  the  carburation  instability,  superimposed  upon  the  thermal  in- 
stability, increases  rapidly.  Molecular  configurations  on  the  verge  of 
instability  are  encountered  in  continually  increasing  numbers. 

97.  Viscosity  at  higher  temperatures, — The  line  of  argument  followed 
out  for  100^  applies,  mutatis  mutandis,  at  200^.  Besults  of  this  kind  I 
published  elsewhere.^  The  character  of  the  evidence  bearing  on  all  the 
points  in  question  is  here  even  more  pronounced  and  conclusive.  Steel 
annealed  at  200^  is  in  a  state  of  incipient  annealing  at  200o«  Thermal 
and  carburation  instabilities  of  high  degree  being  superposed,  the 
effects  are  correspondingly  large. 

Finally  above  300^  the  molecular  instability  is  largely  thermal.  The 
behavior  of  hard  steel  therefore  approaches  that  of  other  metals  more 
nearly.'  The  effect  of  the  carburation  instability  ceases  to  predominate, 
and  finally  vanishes  altogether  in  proportion  as  the  ma^ch  is  made  from 
lower  to  higher  temperatures  of  annealing. 

98.  Annealing  and  viscous  deformations  superposed. — I  have  finally  to 
touch  upon  the  series  of  phenomena  in  which  pronounced  annealing 
occurs  simultaneously  with  pronounced  external  viscous  deformation. 
If,  for  instance,  a  glass-hard  rod  is  twisted  and  then  suddenly  heated  to 
100^,  the  rod  is  both  annealed  and  suffers  deformation  in  virtue  of  the 
applied  twist  at  the  given  temperature.  Conformably  with  the  ex- 
cessively greater  amount  of  molecular  instability  which  characterizes 
these  experiments,  the-  observed  viscous  deformation  must  be  propor- 
tionately large.  This  prediction  of  Maxwell's  theory  is  fully  verified 
by  experiment.    In  the  case  of  the  twisted  rod  postulated  the  motion 

>Am.Joar.ScL:  (III),  1887,  ToLM,PP*  1^10* 
>Cf.,  Chapter  L 
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of  the  image  across  the  field  of  the  telescope  is  so  rapid  that  Gauss's 
method  of  angular  measurement  is  no  longer  satisfactorily  available. 
I  may  say  without  exaggeration  that  during  the  small  interval  of  time 
within  which  appreciable  annealing  occurs,  a  glass-hard  steel  rod  sud- 
denly heated  to  30(P  is  a  viscous  fluid.  I  have  shown  ^  that  if  a  glass- 
hard  and  a  soft  rod  (csDteris  paribus)  be  identically  twisted  and  heated 
to  350^  the  former  will  have  lost  all  its  strain,  whereas  in  the  soft  rod 
only  about  ^  will  have  vanished.    Gf.  §  60. 

Advantage  may  be  taken  of  two  simultaneous  causes  of  molecular 
instability  in  other  and  purely  mechanical  ways.  Thus  molecular  in- 
stability is  produced  by  drawing  soft  steel  wire  through  a  draw-plate, 
and  the  instability  increases  enormously  with  the  intensity  of  the  strain. 
Experiments  which  I  made  in  some  number  by  countertwisting  soft 
and  hard  drawn  steel  wire  at  30^  and  at  10(P  showed  results  quitc^ 
comparable  in  striking  interest  with  the  behavior  of  tempered  steel. 
The  character  of  both  phenomena  is  the  same,  so  that  as  far  as  viscous 
comparisons  go  the  drawn  strain  replaces  the  temper  strain  perfectly. 
Cf.  §  102. 

99.  Viscosity  and  stress. — Viscosity  in  the  above  pages  has  been  con- 
sidered apart  from  the  stress-intensity  under  which  the  deformation 
takes  place.  This  is  liable  to  lead  to  confusion,  unless  the  stress  rela- 
tive to  which  the  constants  of  viscosity  are  defined  be  kept  clearly  in 
mind,  or  unless  the  terms  viscosity  be  applied  to  solids  in  the  restricted 
sense  of  ^^elastische  Nachwirkung."  Thus  if  a  glass-hard  and  a  soft 
steel  rod  be  subjected  alike  and  at  ordinary  temperature  to  torsional 
stress  of  continually  increasing  magnitude,  a  stress  value  will  be 
reached  for  which  the  viscosity  of  the  hard  rod  will  equal,  and  eveniu- 
ually  overtake,  the  viscosity  of  the  soft  rod.  I  was  able  to  exhibit  this 
phenomenon  in  even  a  more  striking  way  at  100^,  finding  that  for  rates 
of  twist  less  than  t=3o  steel  rod  (radius  ssO-Oil***")  is  much  less  viscous 
and  more  susceptible  to  the  influence  of  temperature  in  proportion  as  it 
permanently  harder;^  whereas  for  rates  of  twist  greater  than  t=^G^ 
steel  ceteris  paribus  is  less  viscous  and  more  susceptible  to  the  influ- 
ence of  temperature  in  proportion  as  it  is  softer. 

Here  I  may  profitably  advert  to  certain  considerations  postulated  in 
the  earlier  chapter^  relative  to  the  association  of  hardness  with  resist- 
ance against  oo-forces  acting  through  zero-time,  and  the  association  of 
viscosity  with  resistance  against  zero-forces  acting  through  a-time,  all 
magnitudes  being  regarded  from  a  relative  point  of  view.  "We  may 
reasonably  conceive,^  is  there  further  stated,  "that  in  case  of  viscous 
motion  the  molecules  slide  into  each  other,  or  even  partially  through 
each  other,  so  that  the  molecular  configuration  *is  being  continually 
reconstructed;  whereas  in  the  other  case  (hardness)  the  molecules  are 

>  Am.  Jour.  Soi.  (Ill),  1887,  toL  34,  pp.  4»  5.    Experiments  made  by  annoaliuK  twisted  systems. 
*  An.  190<^,  bsioK  ot  coarse  the  maxim  am  hardness  admissible. 
*Am.  Joar.  SoL  (III),  1887,  voL  83,  p.  28;  or  above  chapter  L 
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urged  over  and  across  each  other  •  •  .  •"  In  the  ordinary  case  of 
scratching  the  action  is  asually  accompanied  by  physical  discontinuity 
of  the  partte  tangeutially  strained. 

Viscosity  and  hardness  may  be  clearly  distinguished  by  an  experi- 
mental method  as  follows :  Imagine  a  round  harder  body  sliding  tau- 
gentially  along  the  plane  of  a  softer  body  without  rotation.  Let  there 
be  sufficient  pressure  on  the  round  body  normal  to  the  plane  of  the 
softer  body  to  insure  cohesion  at  the  point  of  contact.  Then  the  softer 
body  is  subjected  to  a  simple  shear  along  the  line  of  scratching.  If  the 
motion  is  sufficiently  slow,  the  soft  body  may  yield  viscously  and  there 
will  be  no  scratching.  If  the  motion  is  sufficiently  fast,  the  soft  body 
will  generally  be  scratched.  Hence  hardness  and  viscosity  are  each 
resistances  against  simple  shearing,  according  as  the  tangential  motion 
of  the  hard  body  is  sufficiently  rapid  or  sufficiently  slow,  respectively. 
The  conditions  for  the  occurrence  of  quiescent  friction  may  therefore  be 
stated  thus:  if  there  is  sufficient  time  given  for  the  molecules  of  two 
bodies  to  react  on  each  other  at  the  point  of  contact,  the  friction  is 
quiescent.    If  the  time  be  insufficient,  friction  is  kinetic. 

The  intensity  of  stress  by  which  the  above  deformations  are  evoked 
was  nearly  constant  and  equal  to  0*5  kg.  on  centimeter  of  arm.  This 
couple,  when  applied  to  the  given  steel  rods  (radius  0*041*'™),  is  admi- 
rably adapted  for  the  exhibition  of  the  nearly  jpure  viscous  phenomenon, 
the  "Nachwirkung'^  of  Weber  and  Kohlrauseh. 

It  is  just  here  that  certain  cardinal  distinctions  must  be  made.  Ac- 
cording to  Maxwell's  views,  viscosity  is  the  same  phenomenon  in 
liquids  and  in  solids,  and  the  molecular  mechanism  by  which  it  manifests 
itself  quite  the  same  in  both  cases.  There  is  nothing  in  the  theory  to 
induce  the  reader  to  limit  viscosity  in  solids  to  certivin  special  changes 
of  configuration.  In  solids  at  high  temperatures,  and  of  course  in  vis- 
cous fluids,  there  is  indeed  no  need  of  distinction,  and  viscosity  appears 
as  the  one  property  into  which  the  other  configuration  properties  of 
solid  matter  eventually  merge.  In  solids  at  low  temperatures,  on  the 
other  hand,  the  case  is  much  more  complex;  and  whereas  viscosity 
("Nachwirkung'')  still  appears  as  a  property  common  to  solids,  whether 
soft  or  hard,  plastic  or  brittle,  these  ulterior  distinctions,  softness, 
hardness,  plasticity  (permanent  set),  brittleness,  etc  ,  separate  solids  by 
very  broad  lines.  Hence  it  is  improbable  that  the  whole  mechanism  in 
virtue  of  which  viscous  deformations  are  possible  in  viscous  fluids  is 
fully  of  the  same  nature  as  that  by  which  viscous  motion  takes  place  in 
solids  at  ordinary  temperatures.  Viscosity  in  liquids  is  the  mean  re- 
sult of  divers  superposed  phenomena,  the  occurrence  of  any  one  of 
which  in  a  solid  would  give  rise  to  some  special  physical  property  of 
that  solid.  From  this  point  of  view,  since  viscosity  is  independent  of 
the  other  physical  properties  above  enumerated,  and  since  viscosity 
(Nachwirkung)  is  common  to  solids  without  exception,  I  have  ventured 
to  refer  Jt  to  such  action  between  contiguous  molecules  as  involves  the 
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least  ainoant  of  free  motion.  Viscosity  in  solids  is  the  result  of  chanties 
of  configuration  resulting  from  localized  thermal  agitatioiv»  and  often 
Buperiuiluced  by  the  atomic  attraction  of  contiguous  configurations  in 
the  manner  explained  by  the  Olausius- Maxwell  principle.* 

This  premised,  further  distinctions  may  be  made.  Questions  arise  as 
to  whether  such  action  can  be  indefinitely  repeated  without  rupture,  as 
in  plastic  solids,  or  in  viscous  fluids;  or  whether  it  can  not  be  indefi- 
nitely repeated, as  in  brittle  solids,  etc.  The  indefinite  repetition  of  the 
phenomenon  is  equivalent  to  a  passnge  of  molecules  over  or  across  each 
other,  the  phraseology  above  used  in  reference  to  hardness.^    §  1Q3. 

The  ideas  underlying  this  paragraph  ma}' be  summarized  thus:  In 
passing  from  the  fluid  to  the  solid  state  of  matter  the  residual  or  extra- 
molecular  affinities  acquire  an  increased  importance  relatively  to  the 
intermolecular  affinities.  At  the  same  time  the  conditions  of  action 
have  gradually  become  exceedingly  unfavorable.  In  a  liquid  under 
impressed  favorable  conditions  chemical  reaction  between  molecules  is 
demonstrable  (electrolysis).  In  a  solid  under  impiessed  favorable 
conditions  (strain  of  dilatation)  it  is  also  demonstrable,  for  instance, 
in  the  marked  secular  annealing  of  glass-hard  steel.  It  is  not  necessary 
for  the  manifestation  of  viscosity  that  the  integrity  of  the  molecule  be 
actually  invaded;  but  as  the  action  intensifies  one  may  pass  continu- 
ously from  Maxwell's  into  Glausius's  hypothesis  without  being  able  to 
define  the  line  of  transition,  at  least  from  the  character  of  the  viscous 
phenomena. 

100.  Tlie  plienomenon  of  glasa-hardncss. — The  observations  made  in 
the  above  paragraphs  relative  to  the  visible  viscous  subsidence  of  a 
mechanical  strain  imposed  on  a  steel  rod  apply  for  the  complete  ex- 
planation of  the  phenomenon  of  temper.  With  this  purpose  in  view,  it 
is  merely  necessary  to  conceive  of  hardening  or  quenching  (sudden  cool- 
ing of  steel)  as  an  operation  by  which  a  strain  of  dilatation  is  imparted 
to  steel.  This  strain,  once  supplied,  is  locked  up  in  the  metal  in  vir- 
tue of  viscosity.^  The  strained  structure  of  hard  steel  is  i)roved  by 
the  fact  that  massive  pieces  of  hard  steel  often  explode  spontaneously,* 
and  by  the  tendency  to  rupture  during  quenching  exhibited  by  the 
metal.  The  temper  strain  may  be  studied  optically  and  in  other  ways, 
in  glass,  and  at  low  temperatures,  even  in  resin.' 


>  *'  Betraohten  wir  femer  daa  Verhalten  dnr  Gesammt molecule  unter  eiuandor,  so  glaube  ich  dafis  ea 
*  Mich  bier  suweilen  geachioht,  dasa  daa  poaitive  Theilmoleciil  eines  Qeaamaitmoleculs  zu  dem  oef^atiTen 
eioea  aaderea  in  eine  fpInatlKre  Laj^e  kommt,  als  je<le.s  dieaer  beiden  Theilmoleciile  in  Aucoublicko 
gefadeaa  dem  andereo  Theilmolocal  seines  elKennn  Geaamratmolec&ls  hat,  etc."  Heoh.  Wiirmeth ^ 
1879,  voL  2, 2  Aafl,  pi  18}.  Again,  following  Maxwell :  **....  Thus  we  may  anpp^se  that  in  :.  cer- 
tain namber  of  groups  the  ordinary  agitation  of  the  molocules  is  liable  to  accumulate  so  macb  that 
•Tery  now  and  then  the  conflgnration  of  one  of  the  groups  breaks  np,  and  this  whether  St  is  in  a  state 
of  strain  or  not.  .  .  .  ." 

"  But  if  a  solid  also  contains  ....  groups  of  the  first  kind  which  break  up  of  vLemselved       .  .*' 
Maxwell,  loo.  dt 

*  Of.  Am.  Jour.  Soi.  (Ill),  1887,  vol.  34,  pp.  1, 18. 

*  CC  BulL  U.  &  OcoL  Snrvey,  No.  14. 188.'},  p.  88. 

*  Batcheldor:  Jour.  Franklin  Inst.  (Ill),  1844,  vol.  8,  p.  133. 

•Macan^onJ;  N.  Cim.  (UI),  roL  S,  1879,  p.  116  (Bapert'a  drops  of  i«a\n)  i  ^a  'Lw^iKtta*.  I^VVi.'ttA!^  V>:T\> 
npil,d^Wl^p^4M(£np9rt'M4n^QfglMm)i  fi.aadS.i  lo<}.oiU 
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Beckoned  from  the  observed  volaroe  iucrease^  dae  to  qaencliiiig,  the 
stress  iu tensity  corresponding  to  the  observed  strain  may  be  estimated 
at  10*®  dynes  per  square  cm.  iu  steel  and  10'  dynes  per  square  cm.  in 
ghiss.  It  is  thus  of  the  order  of  the  respective  tenacities  of  steel  and 
of  glass. 

In  view  of  the  fact  that  the  viscosity  of  glass-hard  steel  is  not  above 
tliat  of  glass,^  exceptionally  great  strain  intensity,  though  impartible, 
would  not  be  permanently  retained,  ilence  the  secular  changes  of 
glass-hard  steel.  Cf.  §  95,  foot-note.  At  this  point  the  function  of  car- 
bon appears.  Sudden  cooling  induces  carbon  and  iron  to  remain  in 
the  Combined  state  in  a  way  favorable  to  the  dih^tation  in  question. 
Throughout  the  process  of  cooling,  carbon  and  iron,  at  any  place  within 
the  metal,  are  united  in  conformity  with  the  given  degree  of  carbura- 
tion  and  with  the  strain  there  experienced.  In  the  cold  metal,  at  the 
given  place,  strain  is  to  a  certain  extent  permanent  and  independent  of 
the  surrounding  medium  of  steel.^  Hence  if  by  gradual  secular  anneal- 
ing of  massive  glass  hard  steel  a  sufficient  number  of  carbon  configura- 
tions are  broken,  stress  may  increase  to  an  intensity  sufficient  to  rupture 
the  metal  explosively. 

In  our  earlier  papers  on  this  subject  Dr.  Strouhal  and  I  were  much 
puzzled  to  know  w^hether  the  temper-strain,  and  in  general  the  phe- 
nomena of  annealing,  were  to  be  interpreted  physically  or  chemically; 
whether  annealing  was  a  case  of  viscous  subsidence  of  a  mechanical 
temper-strain,  or  a  mere  case  of  decomposition  of  chemical  hardness. 
In  the  light  of  the  present  advanced  conceptions  this  distinction  is 
superfluous.  It  makes  no  difference  whether  the  configuration  breaks 
up  into  parts  chemict^lly  different,  as  carbon  and  iron  (say)  in  steel,  or 
into  parts  chemically  though  not  structurally  identical,  as  in  homo- 
geneous metals.  Viscosity  is  conditioned  by  the  degree  of  instability. 
Again,  it  is  clear  that  the  principles  which  account  for  the  subsidence 
of  the  mechanical  strain  will  also  account  at  once  for  such  chemical  de- 
composition as  is  here  in  question,  the  difference  in  the  two  cases  being 
vested  in  mere  details  of  molecular  mechanism.    §§  98,  99. 

101.  The  phenomenon  of  annealing, — However  complex  the  nature  of 
the  temper-strain  in  steel  may  be,  the  behavior  of  hard  steel,  when  sub- 
jected to  the  influence  of  temperature,  offers  sufficient  proof  of  its  occur- 
rence.   The  laws  of  annealing  hard  steel^  are  as  follows : 

(1)  The  annealing  effect  of  any  temperature  acting  on  glass-hard  steel 
increases  gradually  at  a  rate  diminishing  through  infinite  time;  dimin- 
ishing very  slowly  in  case  of  low  temperatures  (<l00o);  diminishing 
very  rapidly  at  first  and  then  again  slowly  at  high  temperatures  (>  200°) ; 

>  Am.  Jonr.  ScL  (III),  188(t,  vol.  31,  pp.  441,  443 ;  1886,  voL  S2,  p.  191 ;  1887,  toL  83,  p.  33 ;  Bull.  U.  S.  Geol. 
Survey,  No.  27. 1886,  pp.  30-50. 

*  Barns  and  Stronhal :  Am.  Jour.  Sci.  (Ill),  1887,  vol.  33,  p.  80. 

*  Bnll.  V.  S.  Geol.  Survey,  No.  35, 1886,  p.  42.    Stmoture  studied  by  the  density  method.    Shells  con* 
secntively  removed  by  galvanic  aolution. 

*PhiL  Mag.,  Y,  1879,  toL  8,  p.  341 ;  BuU.  U.  S.  GeoL  Survey,  No.  14, 1885.  p.  195. 
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BO  that  the  highest  and  hardest  of  the  states  of  temper  possible  at  auy 
giveu  temperature  is  approached  asymtotically. 

(2)  The  ultimate  auuealing  effect  of  any  temperature  (time  =00)  de- 
creases at  a  retarded  rate  with  temperature,  and  practically  reaches  the 
limit  of  variation  below  350^. 

(3)  The  ultimate  annealing  effect  of  any  temperature,  iP^  is  independ- 
ent of  the  possibly  preexisting  effects  of  the  temperature  t'^,  and  is 
not  influenced  by  subsequent  applications  of  t'^,  provided  tyv.  In 
case  of  partial  annealing  at  t^  (time  finite),  this  law  applies  more  fully 
as  the  ultimate  effect  of  t^  is  more  nearly  reached. 

Postulating  the  strain  discussed  in  §  100,  these  laws  follow  at  once 
from  MaKwelFs  theory,  and  the  explanation  (mutatis  mutandis)  is 
identical  in  character  with  that  given  in  §§  95  to  98  with  reference  to 
the  applied  torsion  strain.  Inasmuch  as  annealing  is  accompanied  by 
chemical  decomposition,  the  conditions  under  which  the  temper-strain 
is  reduced  are  those  of  §  98. 

The  third  law  of  annealing  asserts  that  the  heat  effect  is  analytic, 
but  not  in  the  same  degree  synthetic.  The  carbon  configuration  defi- 
nitely broken  up  by  annealing  does  not  recombine  on  cooling.  In  pure 
metal,  and  up  to  a  certain  limiting  (small)  stress,  configurations  broken 
up  by  stress  may  i^ecombiue  when  stress  is  released  or  reversed.    §  102. 

102.  The  temper-strain  in  other  substances, — In  certain  comparisons  be- 
tween the  strain  effect  exhibited  by  glass  and  by  steel,*  we  were  lee' 
both  by  gravimetric  and  by  polariscopic  observations  to  this  distinction  : 
the  strain  in  hard  steel  is  very  jierceptibly  affected  by  annealing  tem- 
perature as  low  as  50^,  whereas  in  the  ca^e  of  quenched  glass  (Rupert 
drop),  perceptible  annealing  is  incipient  only  at  200°.  The  bearing  of 
this  result  on  the  present  discussion  is  manifest:  the  difference  of  be« 
havior  is  due  to  the  absence  in  glass  of  anything  equivalent  to  the 
unstable  carbon  configuration  in  hard  steel.  The  case  of  glass  is  nearly 
that  of  soft  steel,  and  the  behavior  as  regards  viscosity  in  these  two 
instances  is  similar. 

Schroeder's'  important  result  has  relevancy  here :  in  the  case  of  hard 
drawn  wire  (Ag,Fe,  german  silver)  minimum  viscosity  is  found  asso- 
ciated with  maximum  susceptibility  to  temperature.  This  is  the  gen- 
eral deduction  from  steel  for  varying  intensities  both  of  temper  strain 
and  of  drawn  strain. 

103.  Extremes  of  complex  and  of  simple  molecuhr  structure.— ¥oUovf\nf( 
the  suggestion  of  §  99,  it  may  be  inferred  that  in  case  of  very  complex, 
molecular  structure  instability  of  configuration  will  be  a  more  probable 
occurrence  than  in  the  case  of  simple  bodies,  csBteris  paribus.  Complex 
structured  matter  may  be  looked  upon  as  a  solidified  mixture  of  homol- 
ogous chemical  series,  with  a  predominating  member  to  give  the  sub- 

>  BftTOB  and  Stronbal :  Am.  Joar.  Sci.  (III).  1886,  vol.  32,  p.  185;  vol.  31. 1886,  p.  451. 
*  Sohroeder:  Wied.  Add.,  1886,  vol.  28,  p.  869. 
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stance  character.  Gomformably  with  this  view,  the  complex  organic 
solids,^  like  silk  and  ebonite,  show  more  pronounced  viscous  deformation 
than  metals  or  mineral  solids.  These  known  facts  are  thus  in  general 
accordance,  with  the  present  theory,  l^or  is  it  remarkable  that  a  com- 
plex substance  like  glass  lies  somewhere  between  hard  steel  and  soft 
steel  in  the  scale  of  viscosity. 

On  the  other  hand,  when  the  atoms  of  the  molecule  are  all  alike,  and 
the  structure  of  the  substance  is  essentially  atomic,  we  meet  conditions 
favorable  to  permanent  set.  This  is  probably  the  case  with  many 
metals. 

104.  Thermal  stability  of  ma/jnetic  configuration, — Maxwell's  theory 
lends  itself  at  once  to  the  explanation  of  superposition  (perfect  or  im- 
perfect) of  viscous  motions,  inasmuch  as  the  interpretation  given  is 
independent  of  the  special  peculiarity  of  the  strain  to  be  discussed.  I 
will  adduce  a  few  magnetic  results  which  bear  upon  this  point 

Considering  the  permanent  effects  of  temperature  on  the  residual 
magnetic  induction  of  hard  saturated  steel,  Dr.  Strouhal  and  1* 
found  it  necessary  to  discriminate  between  two  species  of  magnetic 
loss: 

(1)  The  direct  effect,  due  simply  to  thermal  action  on  the  magnetic 
configuration; 

(2)  The  indirect  effect,  due  to  the  action  of  temperature  in  producing 
mechanical  annealing. 

These  two  kinds  of  loss  of  residual  induction  often  occur  together. 
Considered  separately,  the  latter,  cieteris  paribus,  is  very  decidedly  the 
greater  in  amount,  and  its  character  is  fully  typified  by  the  concomi- 
tant phenomenon  of  mechanical  annealing.  The  former  (1)  is  not  only 
much  smaller  in  relative  magnitude,  but  subsides  completely  within  a 
much  smaller  interval  of  time.  In  general,  the  occurrence  of  permanent 
magnetism  in  hard  steel,  in  its  thermal  relations,  is  subject  to  nearly  the 
same  laws  of  variation  as  those  adduced,  §§  94  to  98,  for  ordinary  me- 
chanical strains.  Instability  of  the  carbon  con  figuration  is  moreseriously 
detrimental  to  magnetic  permanence  than  is  instability  of  thermal  con- 
figuration. 

If  the  unstable  carbnration  configuration  be  removed  by  thorough 
annealing  at  100°,  then  the  cold  hard  resaturated  magnet  must  show 
exceptionally  good  magnetic  stability  as  regards  the  effects  of  mean 
atmospheric  temperature.  If  the  saturated  magnet  is  again  thoroughly 
annealed  at  100°,  the  exceptionally  good  magnetic  stability  in  question 
is  even  further  enhanced,  because  the  magnetic  configurations  unstable 
as  far  as  100°  have  now  also  been  removed.  Experiment  shows  the 
second  magnetic  loss  to  be  relatively  small.  The  rods  carry  the  maxi- 
mum of  permanent  hardness  and  the  maximum  of  permanent  magneti- 
zation as  far  as  100^.    This  process  of  consecutive  annealing  is  the  one 

'  Of.  EohlrauBoh :  Pogg.  Add.,  1866,  vol.  128,  p.  414,  aiid  manjr  othefs. 
*  Stronhid  and  Baras :  Wied. Ann.,  1883,  vol.  20, p. 662. 
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we  proposed  when  the  ma^ets  made  are  to  withstand  the  effects  of 
atmospheric  temperature,  of  percassion,  and  of  secular  time/ 

106.  Intensity  of  magnetic  configurations. — In  the  above  paragraphs  I 
have  referred  to  thermal,  ^arbon,  and  magnetic  configurations,  using 
the  adjectives  merely  to  designate  the  chief  canse  of  the  instability  under 
special  consideration,  whereas  the  configurations  themselves  were  not 
necessarily  different.  In  the  same  way  I  contrasted  thermal  and  mo- 
tional instability.  Thus  a  carbon  and  a  thermal  configuration  may  be 
one  And  the  same  grouping,  considered  from  different  points  of  view- 
so  may  a  thermal  and  a  magnetic  confignration.  The  latter  phrase  is 
used  advisedly,  and  the  rod  showing  residual  magnetic  indnctlon  sup- 
posed to  consist  of  configurations  of  all  degrees  of  magnetic  stability, 
as  well  as  in  all  degrees  of  magnetic  intensity.  Stability  and  intensity 
are  the  qualities  which  in  the  present  case  correspond  to  stability  and 
strain,  respectively,  in  the  above  configurations. 

Magnetic  stability  decreases  from  hard  to  soft  steel  and  from  soft  steel 
to  soft  iron,  following  therefore  the  inverse  order  of  viscosity;  and  its 
character,  too,  is  different  from  viscosity,  the  tendency  being  toward 
sudden  magnetic  changes,  even  when  the  cause  of  such  change  is  super- 
induced by  heat.    Cf.  §104. 

The  mean  magnetic  intensity  of  the  configuration  must  depend  on 
the  dimensions  of  the  saturated  rod.  In  the  normal  case  of  linear  rods 
this  magnetic  intensity  increases  from  hard  to  soft  steel*  and  from  steel 
to  iron.  Hence  from  one  point  of  view  carbon  configurations  interfere 
with  the  occurrence  of  intense  magnetic  configurations;  from  the  other 
point  of  view  magnetic  intensity  increases  in  the  direct  order  of  viscos- 
ity or  stability  of  molecular  configuration. 

Among  methods  for  elucidating  the  nature  of  the  ma^etic  confign- 
ration, a  comparison  of  the  effect  of  a  magnetic  field  on  torsional  rigid- 
ity is  probably  best.  Extending  the  classic  researches  of  O.  Wiede- 
mann,^ I  commenced  a  series  of  such  measurements.  In  the  case  of  a 
given  field  of  great  intensity,  if  two  identical  iron  wires,  respectively 
magnetic  and  unmagnetic,  be  couutertwisted  to  the  same  maximum 
shear  (obliquity  of  external  fiber,  a?=0-003,  say),  then  the  product  of  the 
detorsion  due  to  longitudinal  magnetization  and  the  diameter  of  the 
wires  is  constant  and  proportional  to  the  product  of  the  shear  and  the 
magnetic  coefficient  of  rigidity.  This  remarkable  relation  implies  that 
the  increment  of  the  twisting  couple  evolved  by  magnetization  increases 
as  the  third  power  of  the  radius,  ca^teris  paribus. 

>  Details  in  Bnll.  XT.  S.  Oeol.  Survey,  Ko.  14,  chnptor  VI ;  or  loc.  oit 

*  Stmabal  ami  Barns :  Wie<1.  Ann.,  1883,  vol.  20,  p.  631. 

•Wiedemann:  Electricitiif,  ISa^Sdcd.  (III),pp.C83  to  698;  Bams:  Am.Jntir.Soi.(III),  1887,vo].34.p. 
180.  I  believe  my  researches  are  the  first  attempt  to  interpret  these  relations  quantitatively',  and  tbey 
lead  to  tbe  law  expressed  in  the  te«\.    Other  results  I  will  communicate  \ater.    (C£,  Chapter  IV.) 
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SUMMARY. 

\ 

I 

CLAUSICS'S  AND   MAXWELL'S  THBORIES   COMPARED. 

107.  Summarizing  the  results  of  the  above  paragraphs,  I  believe  the 
introductory  statements  to  be  fully  verified.  I  have  shown  that  the 
effect  of  distributing  unstable  molecular  configurations  uniformly 
throughout  the  substance  of  a  rigid  metal  like  steel  is  analogous  to 
that  of  dissolving  molecules  of  acid  or  of  salt  in  a  nonconductor  like 
water.  These  added  molecules  are  the  unstable  groups  with  which 
Glausius's  theory  deals.  In  both  cases  the  effect  produced  is  propor- 
tional to  the  number  of  unstable  groups  distributed.  If  the  number  be 
sufficiently  increased,  the  medium  will  ultimately  be  a  viscous  fluid  in 
the  one  case  and  an  electrolytic  conductor  in  the  other.  At  the  outset, 
pure  water  typifies  the  rigid  solid. 

The  applied  stress  imparts  a  permanent  strain  to  the  solid.  Viscous 
deformation  is  therefore  accompanied  by  a  residual  phenomenon,  which 
manifests  itself  when  the  applied  stress  is  reversed  or  removed.^  In 
liquids  acted  on  by  an  electromotive  force  the  analogous  reaction  is 
the  reciprocating  force  of  galvanic  polarization. 

Again,  Glausius's  and  Maxwell's  theories  mutually  sustain  each 
other.  For  if  the  conception  that  molecular  configurations  are  present 
in  a  solid  in  all  degrees  of  stability  is  necessary  to  explain  the  be- 
havior of  strained  solid  matter,  it  follows  that  configurations  of  more 
pronounced  instability  will  be  present  in  electrolytic  systems.  Con. 
versely,  the  fact  that  many  solids  can  be  electrolyzed  points  to  the 
occurrence  in  these  of  a  very  advanced  state  of  molecular  instability. 
To  take  the  concrete  example  of  glass,  the  same  molecular  mechanism 
which  at  300^  promotes  electrolytic  conduction,  when  the  solid  is  influ- 
enced by  electromotive  force,  manifests  itself  at  low  temperatures  as 
the  viscosity  of  the  solid  under  stress. 


iKohlimaMk:  Fogg-AuL  1866,  yoL  128,  p.  410. 


CHAPTER   IV. 

THE  EFFECT   OF  MAGNETIZATION  ON   THE  VISCOSITY  AND  THE 

RIGIDITY  OF  IRON  AND  OF  STEEL. 

INTRODUCTION. 

108.  Mr.  Herbert  Tomlinson^  has  recently  commnnicated  results  on 
the  changes  of  viscosity  and  of  elasticity  produced  by  magnetizing  iron. 
As  both  classes  of  data  are  obtained  by  the  vibration  method,  it  seems 
not  nndesirable  to  attempt  to  verify  them  by  some  static  method,  and 
the  one  described  in  Chapter  11,  Fig.  20,  is  so  easily  applicable  that  I 
have  made  use  of  it. 

My  original  purpose  was  to  confine  the  investigation  to  measurements 
of  viscosity,  inasmuch  as  such  results  have  an  immediate  bearing  on 
Chapter  III;  but  I  found  in  the  course  of  the  work  that  the  incidental 
data  on  the  rigidity  of  iron  and  steel  could  be  grouped  together.  Taken 
collectively  in  this  way,  they  led  to  inferences  which  the  well-known 
and  comprehensive  researches  of  Wiedemann^  fail  to  point  out.  I 
refer  to  the  efiect  of  magnetization  on  the  rigidity  of  iron  and  steel 
as  modified  by  the  dimensions  of  the  metal  temporarily  strained.  In 
this  respect,  too,  the  results  are  supplementary  to  Chapter  III,  for  the 
chapter  virtually  applies  a  magnetic  method  to  study  the  character  of 
a  strained  atomic  configuration.  I  shall  show  that  the  increment  of 
rigidity  due  to  magnetization  increases  at  an  accelerated  rate  as  the 
soft,  temporarily  twisted  wire  becomes  more  nearly  Alimentary.  Now, 
since  the  said  increment  is  independent  of  the  sign  of  the  current  in  the 
helix,  and,  moreover,  increases  with  the  current  intensity  iit  a  way  which 
I  have  found  not  seriously  irregular,  it  seems  profitable  to  attempt  to 
utilize  this  principle  for  the  construction  of  electric  dynamometers.^ 
This  is  the  point  of  view  from  which  much  of  the  present  chapter  has 
been  written.  It  also  contains  a  series  of  results  on  the  rigidity  of 
magnetized  steel  temporarily  strained  and  varying  in  temi)er  from  ex- 
treme hard  to  extreme  soft. 

iTomlinaoD:  Beibl&tter  No.  3, 1887,  p.  176;  origtoal  in  Proc  Boy.  Soc«  1886,  vol.  40,  p.  4i7.  la  nnforta- 
nately  not  at  my  disposal. 

*  Wiedemann :  Pogg.  Ann.,  1858,  vol.  103,  p.  571 ;  Ibid.,  1859,  toL  108,  p.  161;  Qalvanismns,  8d  ed.  (Ill), 
1883,  p.  683-608.    Less  closely  allied  researches  on  the  effect  of  magnetization  on  toraioD,  etc,  are  dne 
to  Mattenol:  C.B.,  1847,  p.  301,  and  to  Wortheim:  C.  R.,  1853,  voL  35,  p.  702,  as  well  as  to  Wiedemann. 
(loc.  dt),  and  mora  lately  to  JSwing  (Proc.  Boy.  Soe.,  1883,  No.  228,  p.UIV 
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VISOOSITT  OF  MAGNETIZED  STEEL  AND  IBON. 

109.  Apparatus  and  method, — ^To  make  the  present  measarements  it  is 
merely  necessary  to  replace,  by  an  appropriate  helix,  the  heating  appa- 
ratus described  in  Chapter  II.  The  two  wires  to  be  examined  are  in  the 
same  vertical  line,  separated  by  a  rigid  piece  of  brass  which  carries  the 
index  mirror.  Any  desirable  rate  of  twist  may  be  imparted  by  rotat- 
ing and  then  fastening  either  the  npper  or  the  lower  end  of  the  system. 
If  both  ends  be  rotated  symmetrically  in  opposite  directions,  the  mirror 
remains  stationary.  In  this  way  any  reasonable  amount  of  twist  may 
be  stored  without  moving  the  image  of  the  scale  out  of  the  field  of  the 
telescope. 

The  wires  of  the  system  were  identical  as  regards  length,  diameter, 
and  composition ;  and  the  arrangement  adopted  was  such  that  at  any 
time,  the  upper  wire  might  be  under  the  influence  of  a  powerful  mag- 
netic field.  The  helix  used  for  this  purpose  consisted  of  ten  layers  of 
230  turns  each,  doubly  wound  in  such  a  way  as  to  form  two  independ 
ent  partial  helices  of  115  turns  of  wire  for  each  layer.  For  the  same 
current  the  fields  of  these  partial  helices  were  identical;  by  connecting 
them,  either  differentially  or  in  series,  the  field  obtained  was  either 
zero  or  the  maximum  for  the  given  conditions.  The  length  of  the  helix 
being  20<5™,  its  Internal  radius  1-25**™,  its  external  radius  2*07*'™,  the  mag- 
netizing force  at  the  center  proves  to  be  1425  c.  g.  s.  units  of  intensity 
per  c.  g.  s.  unit  of  current  or  142-5  {g^/c^s)  per  ampere.  Current  was 
obtaii^ed  from  five  flat  Grove  cells,  in  mean  intensity  of  about  one  Am- 
pere. Hence  the  iron  wires,  were  probably  not  far  from  saturation, 
supposing  that  a  field  of  140  c.  g.  s.  units  of  intensity  is  sulficient  to 
magnetically  saturate  soft  iron. 

Without  elaborate  precautions  it  is  impossible  to  produce  a  strong 
field  for  great  lengths  of  time  in  this  way,  without  perceptibly  heating 
the  helix.  This  introduces  a  serious  error,  for  the  viscdus  detorsion 
actually  observed  is  due  to  a  heat  effect  superposed  on  a  magnetic 
efiect,  both  of  which  are  of  the  same  order  of  minuteness.  By  using  a 
helix  like  the  one  above,  in  which  the  current  may  be  passed  through 
the  two  partial  coils  in  the  same  or  in  opposite  directions,  the  full  heat 
effect  may  be  observed  either  with  or  without  the  magnetic  effect.  For 
when  the  coils  are  joined  differentially  the  field  produced  is  zero, 
whereas  the  heat  generated  in  the  helix  is,  caeteris  paribus,  not  changed 
in  amount.  This  is  the  way  in  which  I  endeavored  to  eliminate  the 
temperature  discrepancy. 

It  is  difficult  to  find  two  wires  which  are  absolutely  identical;  after 
softening  some  parts  of  a  wire  yield  more  easily  to  stress  than  other 
parts.  It  is  not  until  the  less  rigid  parts  have  been  stiffened  by  receiv- 
ing permanent  set  that  the  rate  of  twist  temporarily  stored  is  the  same 
throughout  the  length  of  the  wire.  All  viscous  motion  which  is  due  to 
difl'erences  in  the  mechanical  or  chemical  properties  of  the  metals  may 
be  detected  by  allowing  a  series  of  observations  for  open  circuit  to 
alternate  with  similar  series  for  closed  c\TQ\x\t. 
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110.  Results. — Table  60  contains  resalts  as  obtained  with  steel  an- 
nealed about  midway  between  soft  and  bard.  Here  d  is  the  tempera- 
ture of  the  helix  and  ot  the  upper  wire,  d'  the  temperature  of  the  lower 
wire,  {  and  p  respectively  the  length  and  radius  of  each,  i^—^')  de- 
notes the  amount  of  viscous  detorsion  per  centimeter  per  wire  (i.  e.,  per 
two  centimeters  of  the  system),  in  radians  at  the  time  h  in  hours.  In 
other  words  (^—9')  has  the  meaning  already  fully  defined  in  §  56,  ex- 
cept that  in  the  present  case  the  essential  difference  of  tp  and  ^'  is  to 
be  induced  by  magnetization,  r  denotes  the  rate  of  twist  in  degrees 
imparted  to  the  system  at  the  nnmagnetic  end.  If  {^—q/)  increases  or 
decreases  according  as  the  sign  of  the  twist  is  positive  or  negative,  then 
the  nnmagnetic  wire  is  of  greater  viscosity  than  the  magnetic  wire; 
and  vice  versa.  Intervals  of  observation  corresponding  to  open  and 
closed  circuits  are  appropriately  indicated.  Whenever  the  circuit  is 
closed  differentially  in  the  helix  so  as  to  produce  a  zero  magnetic  field, 
this  is  also  stated,  ((p--^)  is  correct  to  three  or  four  units  of  the  last 
I)lace. 

The  three  parts  of  this  table  show  that  the  viscous  differences  in 
question  are  invariably,  minute.  In  part  first  the  originally  less  viscous 
lower  wire  becomes  perceptibly  more  viscous  when  the  circuit  is  closed 
around  the  upper  wire.  The  apparent  effect  of  magnetization  is  here 
a  decrement  of  viscosity.  In  the  second  part  the  wires  for  open  circuit 
are  equally  viscous ;  for  closed  circuit  the  results  are  the  same  as  in 
part  first  both  as  regards  sign  and  amount.  The  apparent  effect  of 
magnetization  is  again  a  decrement  of  viscosity.  Part  third,  finally, 
contains  the  interpretation  of  these  results:  it  is  seen  that  results  of 
the  same  magnitude  and  character  are  obtained  when  the  magnetic 
field  due  to  the  helix  (other  effects  remaining  the  same)  is  zero.  Tbe 
viscous  effects  here  observed  are  therefore  wholly  due  to  temperature, 
and  it  may  be  safely  inferred  that  magnetized  and  unmagnetized  steel 
differ  in  viscosity  by  an  amount  less  than  is  produced  by  6^  difference 
of  temperature. 

Tablb  60. 
YiBOoaity  of  steel,  annealed  360<>.    { = 30» ;  2p = 0*083» ;  $* = 20^. 
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Inasmuch  as  the  steel  wire  of  Table  60  is  permaneDtly  a  magnet  after 
the  first  indaction,  sharper  results  may  be  looked  for  in  experimenting 
with  iron.  As  regards  viscosity,  iron  is  less  susceptible  to  the  infla- 
ence  of  temperature  than  annealed  steel  or  even  soft  steel;  it  is  more 
magnetically  permeable  and  it  loses  its  magnetization  completely  when 
slightly  jarred  in  a  zero  field. 

111.  Table  61  contains  results*for  soft  iron,  the  arrangement  being 
identical  in  plan  with  Table  60. 

In  the  first  part  of  Table  61  (^—9/)  increases  whenever  both  wires 
are  uumagnetic  and  decreases  at  a  gradually  diminishing  rate  when- 
ever the  upper  wire  is  magnetic.  The  apparent  effect  of  magnetization 
is  therefore  a  diminution* of  viscosity,  a  result  in  accordance  with  the 
inferences  from  Table  60.  To  interpret  this  apparent  result  the  second 
part  of  Table  61  is  available.  It  shows  that  when  the  current  is  passed 
through  the  helix  differentially,  {(p-^(p')  increases  at  the  same  rate  as 
before,  notwithstanding  the  fact  that  the  field  is  now  zero.  Hence  the 
amount  of  viscous  detorsion  observed  is  a  temperai  ure  discrexiancy  and 
no  viscous  effect  due  to  magnetization  is  discernible. 


Table  61. 

VisoosUyofmagnetizodlron.  Rods Nos.  7, 8,  annealed  soft  {:=30»;  2p=0-110»:  ^=20O;  r 
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In  Table  62, 1  give  similar  resalts  with  a  thiuner  wire. 

Table  62. 
Yipcosltj  of  magnetized  iron.    I = 3(K« ;  2p  =  0 -OSa*" ;  ^ = 20© ;  t = — S®, 
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112.  In  these  results  the  thermal  and  magnetic  effects  are  superposed 
on  the  coutiuuous  viscous  motion  due  to  iuequalities  in  the  wires,  tlie 
upper  wire  being  more  viscous  than  the  lower  wire.  In  every  case, 
however,  this  normal  viscous  detorsion  is  perceptibly  retarded  when- 
ever the  upper  wire  is  magnetized.  It  follows  couformably  with  the 
above  results  that  the  viscosity  of  iron  is  apparently  diminished  by 
magnetization ;  that  the  amount  of  this  diminution  is  no  larger  than  is 
quite  in  keeping  with  the  heating  effects  due  to  the  passage  of  current 
through  the  helix.  My  results  therefore  fail  to  give  any  satisfactory 
proof  that  magnetized  and  unmagnetized  iron  differ  in  viscosity  by 
more  than  the  equivalent  of  one  or  two  degrees  centigrade,  at  ordinary 
temperatures. 

In  PI.  V  the  results  of  the  above  Tables  61  and  62  for  soft  iron  are 
graphically  given,  time  as  abscissa  and  deformation  (^— ^),  as  ordinate. 
The  breaks  in  the  curve  show  the  time  at  which  current  was  made  and 
broken  and  the  (9>— y/j-effect  produced.  In  Table  61  the  two  wires 
are  originally  identical,  as  is  shown  by  the  ''  off"  branches.  The  effect 
of  magnetization  as  apparent  diminution  of  viscosity  is  shown  by  the 
slope  of  the  "on''  branches ;  but  the  effect  of  the  zero  field  with  current 
^'on''  at  the  end  of  the  curve,  is  the  same  in  sense  and  approximate 
magnitude,  as  the  effect  of  magnetization.  Hence  the  latter  is  obscure. 
Similar  interpretation  is  to  be  made  with  reference  to  the  curve  for 
Table  62,  in  which  viscous  motion  preexists.  But  this  motion,  due  to 
greater  viscosity  of  the  upper  wire  (in  the  helix),  is  invariably  retarded 
by  magnetization.  In  the  second  part  of  this  figure  the  preexisting 
viscous  motion  is  nil,  and  the  effects  are  therefore  clearer. 

In  the  figure  for  Table  61,  note  the  tendency  to  concavity  upward  la 
the  ^' on"  branches.    This  is  also  true  of  the  ^qoiiOl  \i^i  oil ^^^»2c\^  ^^^ 
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In  Table  61,  moreover,  prolonged  magnetic  twisting  stiffens  the  wire; 
lieuce  the  tendency  of  the  "off"  branches  to  slope  upward  toward  the 
end  of  the  curves. 

I  am  far  from  wishing  to  assert,  however,  that  Tomlinson'8  results 
are  temperature  phenomena.  It  is  possible  that  the  marked  tendency 
of  soft  iron  to  assume  permanent  set,  and  consequently  the  relatively 
large  viscous  motion  immediately  after  strain  is  imparted,  makes  the 
vibration  method  particularly  sensitive  in  registering  the  viscous  effect 
of  magnetizing  iron.^  But  by  using  static  methods  and  observing  in 
the  interval  of  gradual  or  purely  viscous  deformation,  no  satisfactory 
evidence  of  such  an  effect  is  discernible.  Moreover,  magnetization 
changes  the  rigidity  of  iron  and  therefore  necessarily  jars  a  twisted  wire. 
There  result  such  changes  of  viscosity  as  are  produced  by  any  sudden 
vibratory  disturbance ;  changes  which  of  course  are  purely  mechanical, 
but  which  may  obscure  the  direct  result  of  magnetic  induction. 
I  may  state,  in  concluding,  that  inasmuch  as  Weber's  theory  asso- 
^  elates  magnetism  with  certain  rotations  of  molecule,  while  divers  theo- 
ries mentioned  in  Chapter  III  refer  viscosity  to  a  similar  mechanism, 
it  would  be  permissible  to  look  for  a  marked  effect  of  magnetization  on 
viscosity.  The  vanishing  results  of  the  above  paragraphs  do  not  sus- 
tain such  an  inference. 

BIGIBITY  OF  MAGNETIZED  IRON. 

lis.  Definitions  and  results. — The  effect  of  longitudinal  magnetization 
on  iron  or  steel  twisted  within  the  elastic  limits  is  marked  detorsion, 
increasing  in  amount  with  the  intensity  of  magnetic  tieUl,  increasing 
also  with  the  rate  of  twist,  ut  a  retarded  rate  in  both  instances,  toward 
a  maximum.  If  the  sense  of  the  magnetization  be  reversed  (i.  e.,  if  the 
helix  current  be  changed  in  direction)  the  amount  of  detorsion  is  in 
general  unchanged.* 

In  Tables  60  to  62,  discontinuous  but  perfectly  regular  variations  of 
(cp-^q)')  on  passing  from  unmagnetized  to  magnetized  iron  or  steel  are 
strikingly  apparent.  Inasmuch,  however,  as  the  differences  in  question 
are  now  to  be  considered  in  their  bearing  on  rigidity,  and  not  on  vis- 
cosity, I  will  replace  {(p—(p')  in  subsequent  tables  by  cp.  Hence  q)  is 
the  deflection  observed  at  the  index  placed  at  the  junction  of  the  two 
identical  wires  forming  the  system,  per  centimeter  of  length  of  ea<2h, 
immediately  after  one  only  of  the  wires  is  magnetized.  Thus  (p  is 
evoked  and  vanishes  with  the  magnetization. 

Table  63  contains  special  results  for  large  rates  of  twist  (r),  and  has 
been  drawn  up  to  exhibit  the  independence  of  (p  of  any  ])ossible  irregu- 
larities in  the  position  of  the  helix  as  well  as  the  change  of  sign  of  (p 
with  the  sign  of  r.  The  table  shows  also  that  the  sign  of  cp  is  reversed 
when  the  helix  is  passed  from  the  upper  to  the  lower  wire.    It  follows, 


f  See  Wiedemann's  roniarka  on  the  vibration  method,  W  led.  Ann.,  yi,  1870,  p.  48fi. 

*  The  above  plienouaeua  have  been  elaborately  diMuaee4  Vy  Wiedemann  (Galvaaiamus,  pp.  883  CM). 
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therefore,  that  (p  is  not  iuflaenced  by  errors  which  iu  my  apparatus 
might  result  from  the  increase  of  length  due  to  magnetization.  In 
other  words,  in  the  mechanism  adopted,  magnetic  elougation  has  no 
rotational  effect.  {  and  p  denote  length  and  radius  each  in  centime- 
tres.   T  is  iu  degrees,  (p  in  radians,  as  above. 

Table  63. — Showing  the  effect  of  sign  of  ttoUi  and  of  position  of  helix. 


Bemarlu. 

No. 

T 

♦X10« 

Helix  symmetrically  on  upper  wire < 

17,18 

2p=0  05U'=" 
Z=30*» 

—4-5 
+6 

—130 
+133 
—139 

Helix  HvmnietriciiUv.  on  uwer  wira...... ............. 

19,20 

2p-0083«- 

t=30« 

30 
—30 
—30 
—30 
—30 
—3  0 
-30 
—30 

+93 
95 
93 
95 
95 
94 
97 
88 

"     4-oc"centri(uilfv.      •'             "    ................... 

**     — <'cceiitiiojillv.      **              **    ................... 

"     +«liaxroM{illv.          "             "    

*'     — iliairoiiallv.           **              **    ................... 

"      hi^'Ii  uusiliou.         *'              **    ................... 

•*     low Dositioii.           •'             " 

"     symmor ricaliy,  on  laioer  wire 

Helix  evmmetricjilly  on  upper  wire................  < 

15,16 

2p— 01  lO'- 
i^rSO— 

—30 
+30 

+66 
—68 

114.  These  sudden  changes  in  the  values  of  <p  due  to  magnetization  are 
equivalent  to  an  increase  of  the  rigidity  ^  of  steel,  and  I  shall  therefore 
describe  them  as  such.  If  T  be  the  torsional  rigidity  of  a  wire,  i.  e.,  the 
reciprocal  of  the  amount  of  twist  per  unit  length  per  unit  moment  of 
twisting  couple;  and  if  O  be  the  absolute  rigidity  of  the  material,  i.  e., 
the  reciprocal  of  the  amount  of  shear  per  uuit  of  shearing  force,  then 

2T 


Q= 


np 


.4* 


Now  if  in  the  present  apparatus  r'  be  the  rate  of  twist  in  radians  and 
q}  the  change  of  r'  due  to  magnetization;  if  moreover  O^  and  G  be  the 
rigidities  of  the  magnetized  and  unmagnetized  wires  respectively; 
then  since  the  radii  (/>)  are  identical 

which  if  ^  is  small  in  comparison  with  r'  may  be  written 

-^=l+^=lx;x. 

115.  A  dual  datum  of  interest  is  the  obliquity y  ooy  of  the  external  fiber, 
or  the  angle  in  radians  between  the  axis  of  the  wire  and  any  tangent  of 
the  helix  into  which  a  straight  surface  fiber,  or  generatrix  has  been 
twisted.    This  is  approximately 

np 


07= 


180^» 


*  The  retrograde  motion  formerly  observed  when  the  upper  wire  heated  to  a  high  temperature 
(100°— 300°),  i«  oooled  to  the  temperature  of  the  lowor  wire  (A.m.  Jour.  Sci.  (Ill),  1687,  vol.  34,  p.  17), 
might  in  like  manner  bo  ased  to  compute  the  variations  of  rigi<iity  due  to  temperature.    In  saoh  ^ 
case,  howevor,  tlio  variatioaa  of  tompurature  from  tbu  high  valuo  to  the  \oNf  -^v^xxa  tii>aL%\.\M%j&'^«as^ 
laataataaeouii  as  possible,  otherwise  elastic  and  visooas  dolorsiona  NVtM  V<&  «rtou»va^^  «Kk^«^2^^»^ 


112 


THE  VISCOSITy   OP  SOLIDS. 


liuu.  n. 


r  being  tbe  rate  of  twist  in  degrees.  Tliifj  variable  a>  ia  iutendod  to 
have  no  more  tbaii  geoinotricat  signifiuance.  It  is  known  that  on  twist- 
ing and  again  untwisting  an  iron  wire  beyond  tbe  elastic  limits,  the 
fibers  do  not  retnrn  npon  themselves  to  their  original  forms  and  posi- 
tions, but  that  tliey  become  irregularly  siunous  lines.  Ferard's'  investi- 
gations on  thit)  subject  are  to  the  point. 
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i^ 
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a? 
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MB 

38 

J5 

lie 

2-B 

loa 

s-a 

a-B 

i 

l-B 

In  Table  64,  Ihave  given  values  for  these  variables  as  obtained  with 
soft  iron  wires  of  different  thiclcDesses.  The  iuteuaity  of  magnetic  field 
has  been  stated  above.  Gonimenoing  at  low  values,  the  rate  of  twist  (r) 
is  successively  increased  to  the  masiuium  value,  which  can  be  imparled, 
i.  e.,  until,  with  the  occurrence  of  marked  permanent  set,  tbe  limits  of 
resilience  of  soft  iron  are  fnlly  reached.  After  this  it  was  usual  to 
twist  the  wires  further,  imparting  several  thousand  degrees  of  perma- 
nent set,  whereupon  r  was  decreased  from  the  maximum  to  zero.  In 
the  table,  tu,  ^,  ft,  are  means  of  the  values  obtained  by  thus  sncces- 
sively  increasing  and  decreasing  r.  As  before  p  is  the  radius  and  I  the 
leugtb  of  the  wires,  of  which  Nos.  1-6  were  drawn  down  from  a  single 
piece  of  wire,  Nos.  7-12  from  a  second  piece  of  wire,  Nos.  15-18  from  a 
third  piece  of  wire.  A  priori,  comparison  of  data  is  to  be  made  ouly 
for  wires  drawn  to  different  diameters  from  the  same  sample  of  ironj* 
but  inasmuch  as  iron  to  be  ductile  must  be  uoarly  pure,  the  results  may. 
safely  be  groupe<I  in  a  single  series.  All  wires  are  annealed  at  red  lieat 
in  air. 


w  from  »  ■Insln  wuple  of 
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To  this  may  be  added  the  followiDg  data  for  soft  iron  filaments  drawn 
from  the  same  wire,    go  is  the  maximum. 

Tablb  65.— Data  for  filaments  of  iron. 


No. 

2p 

mXIO* 

^X10« 

;tX10» 

15,16 
17,18 

0032 
0025 

20 

2-8 

212 
241 

2-4 

2-3 

DEDUCTIONS. 

116.  Constcmt  fields. — It  has  been  stated  that  the  wires' to  which  Table 
64  refers  were  all  soft.  Their  diameters  vary  over  the  very  large  inter- 
val 0-022*^°>  to  0-2340",  and  the  rates  of  stored  twist  from  0.4°  to  15Q' 
Kevertheless  the  maximum  obliquity,  coj  of  the  external  fiber  is  nearly 
the  same  for  all  the  rods.  In  other  words,  the  limits  of  torsional  resili- 
ence of  soft  iron  are  reached  when  the  obliquity  of  the  external  fiber 
exceeds  0.0032  radians.^  After  this,  iron  yields  to  the  torsional  couple 
and  the  result  is  indefinite  permanent  set. 

Inasmuch  therefore  as  (<?  is  comprehended  within  about  the  same  in- 
terval (0  to  0*003)  for  all  the  wires  irrespective  of  thickness,  it  is  expedi- 
ent to  discuss  the  variation  of  <p  with  reference  to  a?.  Indeed,  the  dia- 
gram of  qLBS  a  function  of  a)  shows  the  characteristic  family  of  curves 
with  remarkable  terseness.  Figure  25  shows  that  ^  increases  with  co 
at  a  rate  which  is  greater  in  proportion  as  the  thickness  of  the  wires, 
2p,  diminishes,  and  which  decreases  and  finally  approaches  zero  when 
a?  is  a  maximum.  The  detorsion  due  to  magnetization  ceases  to  increase 
when  the  sections  of  the  rod  slide  on  each  other.  Indefinite  twisting 
beyond  the  elastic  limits  has  no  effect  so  long  as  the  wire  is  not  appreci- 
ably hardened.  But  it  is  the  dependence  of  97  on  p  to  which  I  desire 
principally  to  advert.  The  following  series  of  values  obtain  for 
(usO'OOS. 

Table  66. — Effect  of  dimensioM, 


2pXlO>=: 
^XIO^ 

234 
30 

136 
50 

110 
65 

90 
80 

70 
105 

4S 
150 

22 
240 

To  these  data  add  the  values  on  Table  65. 


'  The  litentnre  on  torsional  strains  is  vo^Volominons  that  I  can  scarcely  suppose  similar  simplifying 
obsarrationa  have  not  been  made.  Bat  I  liave  found  none;  -  Permanent  and  temporary  torsions  hare 
been  compared  with  regard  to  their  rrlntionn  tmrtrosi.  to  tlir  meehanloal  condition  of  the  material  car- 
rying stress,  etc.,  by  Wertheim  (Comptea^Beodas.,  1855,  toI.  40,  p.  411  j  Ann.  de  Chim..  (3),  1857,  vol.  50,  p. 
105;  more  elaborately  even  by  Wiedemann  (Wied.  Ami.,  U29.vol.  6,  p.485;  iliid.,  1890, voL  7, p.  400;  Phil. 
Mag.  (5),  1880,  vol.  0,  pp.  1, 07,  and  by  Perard  (Rovae  no iv.  d.  Mines,  1870).  Rcfereacela  also  to  be  made 
toTreaca  (C.  R.,  1871,  voL  73,  p.  1104),  to  De  Saint- VenanT,^wb»liaa. investigated  the  piechanlcsof  iduotile 
aabstances,  and  to  others.  In  Wiedemann's  last  research,  correlated  values  of  temporary  and  perma- 
nent toraions  are  discussed  both  as  they  azUt  Imiueditttcly  after  imparting  strain  and  as  they  exist 
after  an  indefinite  lapse  of  time.  I  have  no  such  comprohensivo  purpose  in  view;  neverthelesa  the 
graftt  convenience  of  the  variable  »  ftv  obvious  fironi  the  way  in  which  I  am  «kVV<6  \o  u«^  W 

Bull.  73 8 


114 


THE  VISCOSITY   OP   SOLIDS. 


fBULUTS. 


Eecent  experiments  made  ^ith  iron  wire  drawn  down  finer  empha- 
sized the  above  results.  In  the  case  of  maximnm  permanent  set  the 
following  results  were  obtained: 

Table  G7,— Effect  of  dimenHons, 


2p=0018«» 


ia»x^=870 


The  importance  of  these  results  induced  me  to  exhibit  their  mean 
variation  in  a  chart.  This  is  done  in  Fig.  25.  In  this  plate  the  curves 
concave  to  X  denote  the  variation  of  ^xlO*^  and  cwxlO^  They  make 
up  a  family.  The  other  line  of  the  contour  of  an  equilateral  hyperbola 
denotes  the  variations  of  <px  10^  with  2/9  x  10. 
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Fia.  25.— IncreniAQtoi  of  .cixtdity  varying  with  t>bliqiiit3r  of  fibers.    InoremenU  of  rigidity  ywylxig 

with  diameter  of  wire* 
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The  great  interest  which  attaches  to  these  results  is  the  fact  that  the 
observed  iocrerise  of  rigidity,  as  registered  by  q)^  takes  place  at  an  ex- 
ceediDgly  rapid  rate  when  the  diameter  of  the  wires  is  small.  I  was 
not  able  to  make  2p  smaller  than  0*015°™  with  the  means  at  my  disposal; 
bnt  copper  and  platinum  wire  may  be  had  commercially  in  diameter  as 
low  as  2p=0  008®"  or  even  2p=0-004«™,  and  no  doubt,  by  skilled  hands, 
iron  wire  can  be  much  further  diminished  in  diameter  than  I  have 
drawn  it.  Here  therefore  is  a  method  of  investigating  the  magnetics 
of  JUamentarff  wires;  a  mc^thod  which  iificreases  in  sensitiveness  in  pro- 
portion as  thickness  of  wire  nearly  vanishes.  From  the  importance  of 
the  properties  of  filamentary  wires  this  method  therefore  deserves  care- 
ful attention. 

117.  With  copper  no  results  were  obtained  even  for  2/o=0'008°™.  tp 
is  zero  in  all  fields. 

118.  To  return  again  to  Pig.  25, 1  will  note  that  //=— rt  ^'  being  in 
radians.    Now,  coz=^pt'j  and  therefore 

2(pp     q}'2p 


*         /ii  """ 


oa 


CD 


Hence,  since  experiment  shows  the  approximate  constancy  of  go  and  of 
/iy  it  follows  that  (p=f{2p)  is  to  the  same  degree  an  equilateral  hyper- 
bola. The  mean  value  of  /i  taken  from  Table  64  is,  >(=2*1/10^;  and 
the  mean  value  of  co  corresponding,  g?=3  2/10^    Hence 

^""108  2/0' 

and  this  is  the  hyperbola  with  reference  to  which  the  points  of  PI.  Y 
are  coordinated. 

Again  put,;i:=^.    Then  x  is  the  length  of  each  wire  of  the  system  of 

two  wires,  which,  if  the  upper  wire  only  be  magnetized  to  saturation, 

2p 
will  show  a  deflection  =1  radian.    It  appears  therefore  that  X=Tr^  *^ 

exceedingly  remarkable  result.  ^ 

Hence  in  the  case  of  a  torsion  system  of  two  wires,  of  the  same  length 
and  radius,  but  respectively  magnetic  and  unmagnetic,  if  the  twist 
stored  produces  maximum  obliquity  (07x10^=3*2)  of  the  external  fiber, 
then  the  lengths  of  wire  corresponding  to  a  given  fixed  deflection  at 
the  point  of  junction  will  vary  linearly  with  the  thickness  of  the  wires. 
These  results  deserve  special  tabulation. 

a 

Table  68. — "Effetii  of  <}imen«iafi«. 
Mean  «=s3  2/10*;  mean  fi=2*l/10>. 


2^X10 


^XIO* 


XA0» 


2pXlO 


*X10« 


x/io« 


2pX10 


«^X10« 


x/io» 


•234 
'196 
•110 


30 
61 
66 


1 


83*3 
19*6 
151 


1 


•000 
•070 
•048 


77 
103 
148 


13-0 
97 


•022 
•^\^ 
•^V5 
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From  this  table  the  proportionality  of  x  ^^^  ^P  clearly  appears,  as 
may  be  seen  at  once  by  graphic  coustraction. 

110.  Since  the  couple  for  a  given  angle  ^  will  vary  as  p*/l^  where  I  is 
the  len^gth  of  the  wire,  it  follows  that  in  case  of  maximam  co  x  1(P=:3*2,  the 
force  with  which  the  wire  is  twisted  in  virtue  of  the  occurrence  of  mag- 
netism increases  as  the  cube  of  the  radius.    The  couple,  in  other  words, 

is  nearly  {AE)-^<p.    And  since  ^p  is  constant  for  all  values  of  p 

within  the  limits  of  observation,  and  since  E  the  modulus  of  elasticity, 
and  L  the  length  of  the  iron  wire  are  also  constant,  the  couple  in  ques- 
tion becomes 

i=.4i/-^-p'=:Const.p',  nearly. 

120.  There  are  certain  curious  considerations  to  which  I  can  only 
advert  here.  Suppose  the  obliquity  of  the  external  fiber,  a?,  to  remain 
the  constant  maximum.  Suppose  also  the  diameter  of  the  iron  filament 
decreases  indefinitely  until  we  have  reached  the  diameter  of  a  single 
molecule.  In  this  case  the  twisted  fiber  would  be  an  elementary  helix, 
the  spires  of  which  are  a  continuous  sncce^ssion  of  oblique  molecules. 
The  axis  of  each  molecule  is  inclined  a?,  by  agreement. 

^ow  it  is  supposable  that  if  an  elementary  helix  of  this  kind  is  placed 

in  a  magnetic  field  of  great  intensity,  that  the  effect  would  be  (proper  ad- 

iustment  presupposed)  to  rotate  the  molecules  parallel  to  the  axis  of  the 

filament;  in  other  words  to  reduce  co  to  zero.    In  a  given  system  of  two 

countertwisted  filaments,  such  as  have  been  operated  on  in  the  above 

work,  the  elementary  result  would  be  double  the  rate  of  twist  t'  of 

the  lower  unmagnetic  filament,  and  reduce  r^  of  the  upper  magnetic 

filament  to  zero ;  thus  retaining  the  same  mean  rate  of  twist.    More 

simply  the  numerical  result  would  be  r'=q>.    But  this  ultimate  effect 

runs  directly  against  the  datum  of  experiment :  for  Table  64  shows  that 

throughout  a  considerable  range  of  diameter  (2p  =;  •022*'™  to  2p  =  •234«"), 

u 
the  final  value  of  9>/t'=2  when  g7=0003,  is  nearly  constant,  ji/2='00l 

nearly.  It  is  certain  tbat  the  results  show  no  increase  of  /j.  for  decreas- 
ing p. 

It  is  difficult  without  further  experiments  to  reconcile  these  conflict- 
ing deductions.  Probably  some  light  may  be  obtained  by  increasing 
the  intensity  of  field.  But  (constancy  of  co  presupposed)  the  hypotheti- 
cal result  r'=9»  for  2/o=  molecular  diameter,  seems  to  me  an  inference 

of  Weber's  theory  of  magnetism,  whereas  /E=  o  ^^^^*  ^^^  independ- 
ent of  diameter  conflicts  with  it 

121.  Intermittent  fields. — The  accelerated  rate  of  increase  of  tp  with  p 
as  exhibited  by  these  data  has  suggested  the  remarks  already  made, 
viz :  since  q?  is  independent  of  the  sign  of  the  current  in  the  helix  it  is 
probable  that  p  may  be  taken  sufficiently  small  to  render  these  phe- 
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nomena  practically  available  for  the  measurement  of  indaced  or  alter- 
nating oarrents.  The  chief  difficalties  encountered  are  the  phenomena 
of  ^^accommodation"  already  very  carefully  discussed  in  Chapter  III. 
Twisting  by  magnetic  means  has  of  course  the  same  effect  on  the  unstable 
configuration^  as  does  twisting  by  ordinary  mechanical  couples.  To 
return,  however,  to  the  subject  in  hand,  the  actual  deflection  increases 
with  the  length  of  the  iron  wire.  It  would  be  expedient  therefore  to 
suspend  a  light  mirror  bifilarly  from  very  long  filaments  of  iron  and  of 
glass  or  metal,  surrounded  by  a  long  cylindrical  helix.^  The  rate  of 
twist  temporarily  stored  in  the  soft  iron  filament  is  the  maximum  within 
the  elastic  limits.  I  give  the  following  example  of  deflections  produced 
by  the  current  of  an  ordinary  induction  coil,  acting  on  a  relatively  thick 
and  short  iron  wire.'  The  currents  are  alternately  off  and  on.  The 
two  series  were  made  about  an  hour  apart. 

Tablb  GB.—IniermUient  currenU, 
Xo8. 6,  6 ;  S!p=0'000«>  ;  l=30<" ;  defleotionrs 


80 
53 

75 
85 

40 
40 

80 
75 

40 
86 

88 

78 

40 

85 

^=20  X  10— • 

^=:iexio-« 

In  so  thick  a  wire  the  heat  effect  of  alternating  magnetizations  soon 
becomes  apparent.  The  result  is  temporary  diminution  of  the  rigidity 
of  the  wire.  Much  better  results  are  already  apparent  when  the  above 
thin  wires  are  used.    For  instance-  (same  coil), 


Table  70. — Intermittent  currente, 

UTos.  15,  16;  2p=0-034<";  {=30»;  defleotiODfls 


50 
70 

IRO 
200 

60 
60 

200 
200 

70 
•  65 

100 
200 

70; 
80; 

^  =  65X10—* 
^  =  69X10-* 

Farther  discussion  of  these  results  (the  errors  of  which  are  largely 
due  to  the  apparatus)  is  not  now  expedient. 

The  values  of  tp  in  Table  64  are  means  of  five  observations  with  the 
circuit  alternately  made  and  broken.  A  small  amount  of  permanent 
detorsion  is  always  imparted  to  the  wire  after  the  magnetism  has  dis- 
appeared, as  Wiedemann^  first  pointed  out.  The  following  example 
may  be  given  from  very  many  results  of  my  own.  In  the  case  of  Nos. 
3,  4,  the  scale  readings  for  currents  alternately  off  and  on,  were  as 
follows : 

>  It  is  needleas  to  state  that  I  am  well  aware  of  the  dffficnlties  heie  in  the  way,  difficulties  which 
Wledemaim  has  so  careftdly  di|(ested.  In  my  apparatus,  however,  all  pivot  and  pulley  rotations  are 
Avoided.  I  have  also  repeated  the  results  relatinj;  to  fine  wires  at  length  with  very  light  mirrors,  by 
which  no  errors  dae  to  an  asymmetrical  mirror  a^nstments  are  eneonntered.  The  very  small  conples 
which  come  into  play  in  operating  with  filamentary  wires  often  make  damping  by  submerged  vanos 
objectionable.    I  have  therefore  often  discarded  them. 

'  The  wire  plates  at  my  disposal  were  such  that  2p = 0*62**  was  the  smallest  diameter  obtainable.  Bat 
the  above  series  of  results  are  fully  sufficient  and  sufficiently  ia  aooordanoe  to  justify  thA  tafeswaMua 
drawn. 

*  Wladflmann:  CMraBiemaMf  p,  680k 
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Table  71. — Esq^menta  in  oyoZM. 


(feOUbTlL 


« 

O-To 

l-fio 

2-80 

2-20 

IfiO 

O-p 

(off) 

180 

110 

90 

80 

60 

90 

(on) 

150 

200 

185 

180 

128 

100 

(off) 

80 

85 

70 

70 

88 

68 

(on) 

100 

188 

180 

178 

180 

100 

(off) 

80 

82 

70 

72 

40 

00 

This  is  very  perceptible  in  the  first  part  of  the  measnrements  where 
r  or  07  increase  from  zero  to  the  maximnm ;  it  generally  becomes  smaller 
in  amount  when  co  decreases  from  the  maximnm  to  zero.  The  method 
of  varying  co  from  zero  to  the  high  valne  and  then  from  the  high  value 
to  zero  leads  to  a  cycle  of  results.  In  the  case  of  Nos.  7, 8,  for  instance 
the  data  ran  thus: 

Tablk  7*2. — Experiment  in  eyoles. 


«XlO*r= 
*X10^    ' 

0-0 
5 

0-7 
40 

1-4 

57 

2-2 
63 

29 
66 

8-2> 
65< 

M  inoreasinfc. 

«XJOS 
^XIO* 

8-2 
67 

2-9 
64 

2-2 
61 

1-4 
61 

0-7 
28 

oo; 

85 

M  deoreMing. 

These  observations  might  perhaps  be  grouped  with  Mr.  Ewing's' 
^^  hysteresis.''  But  in  some  of  the  many  other  like  experiments  which 
I  made  there  is  an  element  of  vagueness.   * 

Table  64  shows  finally  that  the  influence  of  magnetism  on  the  rigid- 
ity of  soft  iron  is  greatest  when  co  is  zero.  It  Is  obvious  since  q)  in- 
creases at  a  retarded  rate  while  r  or  a?  increase  uniformly,  that  pi  must 
continually  decrease.  The  large  values  of  ji  difi'er  considerably,  being 
greater  as  a  rule  for  smaller  diameters.  The  minimum  values  of/i 
obtained  are  of  about  the  same  maguitu(le,  /i=0*0021.  If  the  conditions 
of  indefinite  permanent  set  are  such  that  the  obliquity  of  the  external 
fiber,  attain  a  fixed  value,  then  these  conditions  imply  that  the  rigidity 
of  steel  is  changed  by  magnetization  by  a  fixed  minimum  amount. 

RIGIDITY  OF  MAGNETIZEa)  STEEL. 


122.  In  the  following  Table  73  I  give  the  values  of  ^  which  hold  for 
steel  for  the  large  rate  of  twist  r=6o.  The  wires  are  carefully  annealed 
as  described  elsewhere.  Diameter  2p=0-083®'°.  A  soft  iron  wire  for 
which  maximnm  co  is  only  0-0021  is  also  tested  for  comparison. 

The  curioas  result  of  this  table  is  this,  that  during  the  first  phase*  of 
annealing,  the  eifect  of  magnetization  on  the  rigidity  of  steel  is  almost 
nil.    This  efi'ect  becomes  of  marked  importance  during  the  second 

>  Ewini;:  Trans.  Soy.  Soo.,  1885,  vol.  2,  p.  528-4^ 
a  Am.  Jour.  Sci.  (Ill),  1886.  toI.  81,  p.  443. 
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phase.^  In  otber  words,  if  we  suppose  the  wire  to  pass  continuoasly 
firom  hard  to  soft,  the  increase  of  the  magnetic  coefficient  of  rigidity ^  /i,  is 
particularly  pronounced  after  the  variations  of  the  thermo-electric^  the  gal- 
va/nic  and  the  viscous  proper-ties  of  steel  have  practically  subsided,  fi 
therefore  shows  close  affinities  to  the  induced  and  to  the  residual  mag- 
netization of  an  iron-carburet.  Agreeing  with  Wiedemann's  results,  fi 
is  invariably  smaller  for  steel  than  for  iron.  In  general  if  a<  be  regarded 
in  its  dependence  both  on  go  and  on  hardness,  it  appears  that  the  incre- 
ment of  rigidity  of  an  iron-carburet  produced  by  magnetization  is  greater 
in  proportion  as  the  metal  shows  greater  tendency  to  assume  permanent 
set — a  result  which  applies  for  iron  and  for  steel. 


Tablb  'iZ.—Rigidifif  of  magneiUed  StuWs  steel.    09=0*0043. 


Temper. 

♦X10« 

fiXlO* 

OlMii-hirA 
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4 
4 
22 
25 
41 
05 

006 
008 
0*08 
0-42 
0-48 
0-78 
8-68 

Annealed  100® 

"          190» • 

"       aaoo 

"       450° 

Softiteel 

Soft  iron. 

1  In  A  letter  to  the  Am.  Jour.  SoL  (IQ),  toL  33,  p.  808,  Prof.  W.  F.  Barrett  hae  taken  exception  1o  cer- 
tain remarks  made  by  Dr.  Stronhal  and  myself  (ibid.,  p.  35)  on  phenomena  more  or  less  connected  with 
the  second  phase  of  annealing.  We  regret  exceedingly  to  have  OTcrlooked  Prof.  Barrett's  papers. 
Onr  object,  however,  was  only  to  give  an  enumeration  of  sach  observations  as  had  occarred  to  us  inei- 
detUaJOy.  Of  Gore's  discovery  we  were  aware,  and  the  statement  is  thas  made  in  the  text  and  in  U.  S. 
OeoL  Sanrey,  BulL  14.  Owing  to  a  misconstmction  of  the  foot-note  in  the  Journal  (p.  35, ;)  'ibid." 
happens  to  refer  to  "  Wied.  Ann.*'  instead  of  to  "PhiL  Mag."    The  reference  is  otherwise  correct 

We  avail  oorselvea  of  the  present  opportunity  to  state  that  in  Prof.  J.  A.  Swing's  paper  on  the 
"effects  of  stress  and  magnetisation  on  the  thermo-electric  quality  of  iron"  (Phil.  Trans.  II,  1886,  p. 
861),  mention  is  made  of  our  results  only  in  a  final  note  dated  Sept.  17, 1886.  Our  work  was  accessibly 
published  much  earlier  ( Wied.  Ann.,  1881,  vol.  14^  p.  54 ;  cf.  also  ibid.,  1879,  voL  7,  p.  408).  We  Itelieve  we 
were  the  first  to  aetnally  measure  Thomson's  thermoelectric  effect  of  magnetisation  as  well  as  to 
point  oat  its  probable  relations  to  the  strain  of  a  magnetised  rod. 


OHAPTEE  V. 

TH^  CHANGE  OF  THE  ORDER  OF  ABSOLUTE  VISCOSITY  ENCOUN- 
TERED ON  PASSING  FROM  FLUID  TO  SOLID. 

INTRODUCTION. 

123.  Notwithstanding  the  abandance  of  the  literature  on  viscosity, 
nobody  has  defined  the  difference  between  the  solid  state  and  the  flnid 
state  qaantitatively.  In  case  of  liquids  and  gases  viscosity  can  be 
absolutely  expressed  with  facility,  and  the  data  may  be  stated  with 
considerable  rigor.  This  is  not  trae  for  solids.  The  results  are  relative 
throughout,  no  attempt  having  as  yet  been  made  to  coordinate  their 
viscous  behavior  with  that  of  liquids.  The  present  chapter  makes  use 
of  two  methods  for  this  purpose. 

In  proposing  a  differential  method  for  studying  the  viscosity  of  solids, 
Dr.  Stronhal  and  I^  pointed  out  the  way  in  which  the  viscosity  of  solids 
may  be  expressed  in  terms  of  the  respective  sectional  areas,  by  which 
the  motion  at  the  junction  of  two  conntertwisted  wires  or  rods  is  an- 
nulled. Suppose  now  that  one  of  the  wires  is  a  true  solid,  whereas  the 
other  is  a  very  viscous  fluid.  Then,  since  the  viscosity  of  the  latter  is 
just  capable  of  being  arrived  at  by  transpiration  methods,  it  follows 
that  the  viscosity  of  the  solid  with  which  it  was  conntertwisted  may 
also  be  absolutely  expressed.  This  indicates  the  first  method  of  pro- 
cedure adopted.  I  measured  the  viscosity  of  marine  glue,  by  observing 
the  excessively  slow  transpiration  of  this  substance  throughout  many 
months.  Knowing  this  datum,  a  very  thick  rod  of  the  cement  was 
compared  in  viscous  behavior  with  a  fine  steel  wire.    §§  126, 127, 130, 13L 

My  second  method  for  expressing  the  absolute  viscosity  of  solids  is 
direct  and  dynamic.  It  is  capable  of  yielding  results  of  any  desirable 
degree  of  rigor,  supposing  the  necessary  facilities  for  work  to  be  given. 
§§  134, 135. 

GASES  AND  VAPORS. 

124.  It  is  well  to  note  the  viscosities  7,  of  typical  substances  in  pass- 
ing. The  viscosity  of  vapors  and  gases  has  been  measured  by  many 
observers.'  The  data  present  some  curious  aspects  :  Thus,  for  instance, 
the  viscosity  of  vapors^  like  ether,  is  frequently  less  than  the  viscosity 

I  Bams  and  Strouhal :  Aid.  Jonr.  Sci.,  1887,  vol.  33,  p.  29. 

'  O.  E.  Moyer :  EinotiBche  Tbeorie  der  Gase,  Breslan,  1877,  p.  138,  et  seq. 

•  Cf.  ruluj :  Phil.  Mafr  (5),  1878,  vol  6,  p.  167. 
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of  gases.  The  absolute  values  eucountered  iu  the  present  case  at  mean 
atmospheric  temperature  are  of  the  order  of  7= '0001  to  7 =-0002  {g/cs). 
Cf.  §  140. 

LIQUIDS. 

126.  Besults  are  also  available  in  great  ntimbers.  The  literature  is 
systematized  in  Landolt  and  Boernstein's^  tables,  and  the  data  may 
easily  be  expressed  absolutely  by  means  of  Slotte's'  values  of  the  vis- 
cosity of  water  at  different  temperatures.  Water  may  be  taken  as  the 
type  liquid.    Blotters  value  for  2XP  is  7=-0100  (glcs).    Cf.  §  140. 

VISCOUS  FLUIDS. 

126.  Apparatus. — Data  are  wanting.^ 

My  experiments  were  made  with  marine  glne.^  The  method  of  pro- 
cedure is  simple.  A  fairly  wide  capillary  tube,  a  by  Fig.  26,  provided 
with  a  cylindrical  open  reservoir,  a,  at  one  end,  was  half  filled  with 
marine  glue.  The  thread  extended  from  the  reservoir  a  as  far  down 
as  the  middle,  6,  of  the  tube.  The  other  (open)  end  of  the  tube  was 
introduced  into  a  flask,  dddd,  from  which  the  air  was  then  exhausted. 
By  this  adjustment  a  pressura  of  about  one  atmosphere  was  continually 
brought  to  bear  on  the  reservoir  a,  of  the  tube  a  6,  the  other  end  be 
ing  in  vacuo.  To  facilitate  exhaustion,  the  flask  is  provided  with  a 
lateral  arm,  e,  closed  by  fusion.  A  small  vacuum  gauge,  g  g,  held  in 
place  by  a  layer  of  paraffine,  &,  shows  the  observer  to  what  degree  the 
vacuum  is  maintained.  It  is  necessary  to  cover  the  rubber  stopper// 
with  cement.    A  number  of  tubes,  a  6,  may  he  inserted,  side  by  side. 

127.  Computation. — The  transpiration  equation  due  to  Poiseuille  and 
theoretically  corrected  by  Hagenbach^  has  the  form 

__7t  Pr* . m      1  .j^v 

'^""'srT     2^p^rf •  *   ^  ' 

where  7  is  the  absolute  viscosity  of  the  liquid,  v  the  volume,  m  the  mass 
transpiring  through  the  capillary  of  length  {  and  radius  r  in  the  time  t 
In  the  present  case  of  excessively  slow  transpiration  the  corrective 
member  may  be  neglected.  P  is  the  pressure-excess  in  dynes  per  square 
centimetre.  Since  all  the  magnitudes  are  to  be  expressed  in  cgs  units, 
the  dimensions  of  tf  are  (g/cs). 

1  Berlin,  J.  Sprlnirer,  1883,  p.  1S3. 

'  Slotte :  Wied.  Ann.,  1888,  vol.  20,  p.  267.  Similar  reenlto  are  obUlned  by  others.  Slotte  giyea  the 
referencea. 

•Since  thie  waa  written  Prof.  J.  D.  ETerett,  of  Belfast,  has  kindly  called  my  attention  to  certain 
eicperiments  of  T.Obermayer.  Looking  np  this  research  in  the  Wien.  Ber.,  (2),  vol.  75, 1877,  p.  66i,  I 
fonnd  important  data  for  pitch  and  storax  obtained  by  a  method  qnite  different  ft-om  mine,  bnt  af^'ee 
iHK  very  w.ell  with  the  order  of  ray  results  for  marine  glne,  and  for  parafflne.  V.  Obermayer  finds  for 
pitch  at  6-50  ir=21X10«  at  lOlo,  i|=5-3XlO»,  and  at  12-2o,  i|=2-6xi0«.  His  datnm  for  storax  at  JS'fio  is 
ir=13X10i«.  Attention  may  here  also  be  called  to  some  data  for  glycerine  due  to  Schottner  (Wien. 
Ber.,  1879,  voL  79.) 

*  A  valnablo  cement,  being  (nominally)  a  specially  prepared  mixture  of  rnbber  and  shellac.  It  has 
A  pitohy  consistency. 

*  Hagenbach:  Fogg.  Ann.,  1860,  vol.  109,  p.  358.    This  reference  is  incidental  ot  1  ^\tfs\)\dL  \ivi%  Na 
refer  to  Poiason,  ITavier,  Stokes,  Stefan,  Helmholts  and  others. 
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In  the  above  form  of  apparatus  I  is  not  constant,  and  v  is  measured 
in  terms  of  the  increase  of  length  of  the  capillary  thread  oft,  Fig.  26. 
Hence  the  eqnation  corresponding  to  (1) 
(since  dv  =  nr^dl)  is 


2m=^dt 


(2) 


Integrating  this  eqnation  between  0  and 
tj  and  between  li  and  kj  and  again  solving 
for  7,  there  results 

ff^Pf^t/iiV^h^) (3) 

an  exceedingly  simple  expression.  Here  Ii 
is  the  original  length  (^=0)  and  k  the  final 
length  {t  =  t)  of  the  capillary  thread.  The 
effect  of  the  cylinder  of  viscous  fluid  in  the 
reservoir  may  obviously  be  neglected  in 
virtue  of  its  large  radius. 

By  way  of  digression  I  may  insert  an* 
other  similar  and  interesting  case,  viz, 
that  of  a  viscous  liquid  like  glycerine  trans- 
piring in  a  vertical  capillary  tube  in  virtue 
of  the  weight  of  its  own  column  only.  In 
this  case  P=i{L+l)  dg^  where  d  is  the 
density  of  the  liquid,  g  the  acceleration  of 
gravity,  L  the  initial  head  of  the  column. 
Inserting  these  quantities  in  equation  (2)  it 

W^omes 

Idl      Sgr' 


=^^«; 


whence  by  integration 


7  = 


Sgr^ 


S(k--k  +  Lln^^ 


iU-ti) 


Fio.  26.— Apparatni  for  the  seenlAr 
transpiratiou  of  viiMsoas  liquids. 


I  give  an  example  of  the  application  of  this  equation  in  Table  74. 
Gylcerine  is  the  liquid  chosen,  a  substance  which  Graham^  pronounced 
too  viscous  for  his  apparatus,  and  for  which  no  data  are  in  hand. 

>  Graham:  Phil.  TraoB.,  1861,  vol.  151,  p,  382.  His  glycerine  work  was  done  with  "  IS-hydi-ates." 
**The  liquid  (glycerine)  is  too  viscous  to  be  transpired  by  means  of  the  bulb  and  capillary  employed 
in  these  experiments."    Graham,  loc.  cit. 


LIQUIDS   OP  HIGH   VISCOSITY. 
Table  74,—  VUoasity  of  glycerine.. 

r=-0505^;  X=l-8S*-t  a=l'28;  AC=>120>«* 
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t 

I 

i» 

§ee. 

cm. 

glci 

80 

1007 

—•88 

6-06 

150 

20-30 

60 

12-72 

-•78 

6-07 

180 

28-75 

90 

16-30 

-•62 

6-U 

210 

2610 

120 

17-80 

-•62 

6-18 

240 

27-48 

270 

28-82 

-•84 

6-63 

890 

88-60 

300 

81*96 

—•88 

6-44 

420 

40-83 

880 

84-20 

—•80 

6-M 

-   460 

43-04 

860 

86-40 

-•28 

6-48 

480 

45-28 

The  observations  though  made  upon  a  single  descending  thread  at  the 
end  of  each  half  minute  are  grouped  in  two  batches.  The  tube  was 
dry ;  perhaps  a  moist  tube  (adhering  thin  film  of  glycerine)  would  have 
been  preferable.  To  account  for  the  diflGarence  of  ;;  in  the  two  sets  of 
results  is  beyond  the  present  purpose.  It  is  noteworthy  that  each 
measurement  occupies  but  2  minutes,  even  admitting  that  the  tube 
is  unfavorably  wide;  for  in  the  case  of  viscous  liquids  the  temperature 
effect  isof  i)aramount  importance,  and  this  expedious  method  there- 
fore has  some  advantages.  The  experiment  may  be  varied  by  noting 
the  descending  upper  meniscus  while  the  lower  end  of  the  capillary  is 
submerged  in  glycerine. 

188.  Data  for  marine  glue. — Applying  equation  (3)  to  the  data  of  the 
following  table,  7  may  be  at  once  computed. 

Table  75. — Transpiration  of  marine  glue. 
P= 10*  dynes  i  r — .0406™ ;  fcemperatnro  26^. 


Date. 

t 

1 

nxio-« 

May  7, 1888, 12^... 
Dea  7,1889.12k... 

0 
18,490,000 

em 
37 
7-2 

gfCmwe 

200 

This  Is  a  remarkable  result.  Since  P  in  the  above  apparatus  was 
probably  not  much  smaller  than  one  atmosphere,  it  follows  that  7  was 
not  much  smaller;  and  yet  the  substance  can  easily  be  fashioned  by 
the  fingers,  and  a  sphere  if  placed  on  a  plane  will  run  out  to  a  flat 
cake  in  a  few  months.  This  type  of  viscous  fluid  is  nevertheless  20 
billion  times  as  viscous  as  water  at  the  same  temperature. 

After  long  continued  transpiration  the  thread  of  marine  glue  shows 
two  strata.    The  advance  portion  is  amber  colored  and  lesa  yv»QAk^<^&\ 
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the  rear  portion  brown,  clearly  containing  most  of  the  shellac.  For 
this  reason  the  observed  datum  for  17  is  probably  somewhat  too  low.  Of. 
§  132. 

120.  Results  for  paraffins. — Parafflne  (melting  point  55^),  treated  in 
this  way  showed  absolutely  no  transpiration.  The  tube  was  nearly  of 
the  same  bore  as  above  (/o=*0408<''°),  and  the  length  of  thread  2'2^. 
The  motion  of  the  parafflne  thread  must  have  been  below  •*01«",  or  it 
would  have  been  detected.  Hence  the  viscosity  of  parafflne  must  be 
considerably  greater  than  2x  10^^  g/cs^  at  about  25^. 

soLms. 

ISO.  Method  of  comparison. — Having  obtained  the  result  of  §  128, 1 
proceeded  to  use  it  for  obtaining  the  viscosity  of  hard  steel  by  the 
method  of  comparison  indicated  in  §  123.  The  apparatus  was  essen- 
tially like  that  used  in  my  earlier  experiments.^  To  secure  additional 
safety,  however,  I  introduced  the  principle  of  substitution,  whereby 
the  steel  wire  and  rod  of  marine  glue  were  consecutively  subjected  to 
known  torsion  couples  in  ways  otherwise  identical.  From  the  enormous 
viscosity  of  steel  as  compared  even  with  marine  glue,  a  beam  of  this 
substance  something  like  a  decimeter  thick  would  show  about  the  same 
deformation,  cseteris  paribus,  as  a  hard  steel  wire  only  a  millimeter 
thick.  So  large  a  mass  of  marine  glue  would  have  been  inconvenient 
to  handle.  I  therefore  used  a  rod  about  4t^  thick  and  suitably  appor- 
tioned the  torsion  couples  in  the  two  cases.  The  results  are  given  in 
the  following  Tables,  76  and  77.  Here  2p  is  the  diameter,  I  the  length 
of  the  similarly  twisted  rods.  This  twist,  r,is  given  in  the  first  columns, 
per  cm.  of  length.  The  applied  couples  are  proportional  to  77.  N  de- 
notes the  viscous  motion  at  the  index,  at  the  time  specified,  and  is  given 
in  scale  parts,  the  distance  between  mirror  and  scale  being  200^>°. 
Reduction  of  N  is  not  necessary,  since  the  present  method  is  compara- 
tive. Tlie  steel  wire  was  twisted  alternately  in  opposite  directions  to 
allow  for  the  accommodation.  In  the  other  case  (Table  77),  this  pre- 
caution is  not  necessary,  the  substance  being  a  viscous  fluid.  Three 
special  twists  are  given  in  the  table  merely  to  show  the  behavior. 

Other  experiments  which  I  made  with  the  cement  may  be  omitted. 

Tadlb  76. — VU00U8  deformation  of  hard  steel  wire  No,  1. 


Tw^i8t,T 

Time. 

N 

Twiiit^  T 

Time. 

N 

Twist,  T 

Time. 

N 

0 

minutet. 

cm* 

0 

minutet. 

cm. 

0 

minuUM. 

Cfli. 

+57 

0 
2 

-5-7 

0 
2 

5^8 

0 
2 

•00 

—   00 

-00 

3 

•70  ' 

3 

—  -71 

8 

■40 

4 

11 5 

4 

— 1^25 

4 

•72 

6 

1-87 

6 

—200 

6 

1-22 

8 

2-35 

8 

—2-58 

8 

1-00 

10 

2  78 

10 

—301 

10 

1-90 

12 

3-15 

12 

—3-40 

12 

8*12 

1  Am.  Jour.  Sci.  (Ill),  1887,  vol.  34,  p.  2.    PI.  I«  thia  Balletin. 
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Tablb  77. —  Viscous  deformation  ofmaiine  glue. 


"n   ' 

P= 

:2«";  l=30«". 

Twist,  T 

Time. 

Twist,  T 
o 

Time. 

N           Twist.  T 

Time. 

K 

o 

minutes. 

cm. 

minuiet. 

1 

cm,                o 

minute*. 

cm* 

*l-4 

0 

•0 

1-4 

0 

•0  • 

1-4 

0 

•0 

2 

20 

2 

2-5  , 

2 

2-2 

3 

4-8 

3 

4-5 

3 

42 

4 

71 

4 

70 

4 

61 

5 

91 

5 

9-0 

, 
1 

5 
6 

81 
101 

*  This  refers  to  the  steel  wire  (normal).    The  initial  twist  of  the  har  of  marine  g!ao  is  i»ntotica1ly  seio. 


«• 


131.  Discussion  of  results  — From  these  ta- 
bles (graphically  constructed  in  Fig.  27)  it 
appears  thattbe  mean  rate  of  motion  in  case 

""""  of  marine  glue  is  2*^"»  per  minute,  whereas  the 
corresponding  motion  for  hard  steel  is  (say) 

0'4*'"'  per  minute,  this  being  the  mean  for  the 

""""  three  cases.  Further  distinction  will  be  made 
below,  §133  et  seq.,  but  is  here  unnecessary. 
Again,  the  couple  acting  on  the  cement  is 

"""*  I'iXj  while  the  couple  in  the  other  case  is 
5ux.  Since  the  cement  is  a  liquid,  the  rate 
of  viscous  motion  will  increase  as  the  couples. 

""*  Hence  for  identical  couples  (5'6a?,  say)  the 
motion  for  marine  glue  would  be  8«™,  whereas 
.  the  rate  for  steel  is  0-4«™,  as  above.  I  will 
"  now  apply  the  principle*  mentioned  in  §  123, 
whereby  viscosities  are,  cceteris  paribus,  in- 
versely as  the  fourth  power  of  the  radii.    If 

"^  rf  and  ^be  the  viscosities  of  marine  glue  and 
hard  steel,  respectively,  then 

~  H^y  |-J=»/'«- m 

/  From  Table  76,  ;/=200  x  10«  g/cs.    Hence 


i 


Fio.  27.— Visoous  deformation  of 
abarof  marine  j;la0ooiDi>ared  with 
MluwdBte^wJr^ 


7=25xl0"(//c« 


(2) 


where  7  is  the  mean  viscosity  of  originally 
untwisted  glass-hard  steel,  during  three  con- 
secutive alternate  twists  of  about  12™  dura- 
tion each. 

132.  ^Errors  erioountered.— To  fully  inter- 
pret the  result  (2)  it  would  have  been  nee* 
essary  to  compute  the  rf  for  consecutive 
times  during  each  of  the  consecutive  twists^ 
This  I  will  do  below,  where  the  method  used 
is  direct  and  much  more  sensitive.    TV!kfc\ft5^* 
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ent  results  subserve  tbeir  chief  purpose  in  furnishing  an  estimate  of 
the  order  of  viscosity  of  glass  hard  steel,  which  may  then  be  compared 
with  the  more  detailed  statements.    Gf.  §  §  134,  135. 

The  errors  encountered  in  the  above  comparative  method  are  these : 
In  the  first  place,  the  thread  of  marine  glue  which  transpires,  §  128,  is 
not  identical  with  the  rod  of  this  material  which  is  twisted,  either  as 
to  temperature  or  composition.  Of.  §  128.  These  difficulties  are  almost 
insuperable,  though  possibly  better  results  might  be  obtained  with 
pitch.  Again,  the  rod  of  marine  glue,  while  it  is  being  twisted,  is 
also  being  stretched  by  its  own  weight.  This  makes  the  angular  meas- 
urement difficult,  for  it  is  hard  to  manage  a  thick  rod  satisfactorily. 
Finally,  from  this  cause  and  tbe  difficulty  of  obtaining  and  keeping  a 
rod  of  the  cement  free  from  bubbles,  straight  and  round,  the  sectional 
error  is  considerable.  Regarding  the  above  result,  I  should  be  sur- 
prised if  hard  steel  were  less  viscous  than  10^^  or  more  viscous  than 
10",  under  the  conditions  given. 

133.  General  remarks  on  solid  viscosity. — Before  giving  the  results  of 
the  following  direct  method,  it  is  desirable  to  insert  a  word  on  the  vis- 
cosity of  solids  generally.  In  the  above  case,  §  130,  while  the  steel  wire 
is  strained  by  the  couple  almost  as  far  as  the  limits  of  elasticity  permit, 
the  rod  of  marine  glue  is  initially  scarcely  strained  at  all.  In  the  latter 
case,  however,  the  unstable  configurations  essential  to  viscous  motion 
are  continn£i.lly  supplied  in  very  great  number  by  the  ever  changing 
distribution  of  the  heat  agitation  within  the  body.  In  a  homogeneous 
solid  (soft  steel)  these  configurations  are  supplied  only  in  vanishing 
number.  I  doubt  whether  in  soft  steel  the  viscous  deformation  due  to 
instantaneous  exceptionally  intense  heat  motion  at  different  points  of 
the  solid  could  be  recognized  at  ordinary  temperatures.  The  case  is 
different  when  the  solid  is  under  stress.  Any  twist,  no  matter  how 
small,  is  accompanied  by  a  proportionate  amount  of  permanent  strain. 
With  this  a  similarly  proportionate  amount  of  instability  is  necessarily 
associated.  Hence  it  must  be  carefully  borne  in  mind  that  the  viscos- 
ities expressed  absolutely  below  refer  to  steel  in  a  condition  of  strain 
just  within  the  limits  of  elasticity.^ 

Now  it  is  clear  that  if  the  stressed  steel  be  left  to  itself  the  number 
of  unstable  configurations  becomes  rapidly  less  as  the  time  after  twist- 
ing increases.  The  viscosity  of  solids  is  therefore  essentially  a  time 
function  as  well  as  a  strain  function. 

134.  Apparatus  for  direct  method, — The  apparatus  with  which  the 
following  absolute  results  were  obtained  is  shown  in  Fig.  28.  AA  and 
BB  are  two  massive  torsion  circles,  the  hollow  cylindrical  shafts  oo 
of  which  are  firmly  clamped  to  supports  projecting  from  the  wall  of  the 
room.    The  steel  wire  tow  to  be  tested  is  tensely  drawn  between  the 

1 1  can  hero  merely  allade  to  the  recent  and  saggesttve  paper  of  C.  H.  Cams- Wilson  (Nat.,  vol.  41, 
p.  213. 1890),  in  which  the  behavior  of  steel  near  the  elastic  limits  is  interpreted  in  analogy  with  the 
well-known  ciroumflexed  isothermaU  of  James  Thomson. 
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cylindrical  cores  ala^U  of  AA  and  BBy  and  clamped  witfaoat  torsion. 
To  accouoplish  this  the  ends  of  the  wire  ww  are  bent  hookshaped  and 
inserted  in  a  fissure  at  the  ends  of  the  rods  al  a'l'j  the  clamp  screw 
(shown  at  a')  passing  through  the  loop  of  the  wire.  The  middle  part  of 
the  wire  wto  carries  a  pair  of  small  brass  plates  boj  screwed  together 


© 


Flo.  28.— Apparatofl  for  measuiing  the  alMOlate  TiBOosity  of  solids. 

by  four  screws  in  such  a  way  as  to  hold  the  wire  firmly  between  the 
plates.  A  brass  rod  of  screw  wire  dd  is  soldered  to  the  upper  plate, 
and  when  in  a^ustm^nt  is  at  right  angles  to  the  axis  of  ww.  The  rod 
dd  is  virtually  the  beam  of  a  balance,  and  two  small  nuts  mm\  sym- 
metrically placed  near  the  ends  of  ddj  are  provided  with  hooks,  from 
which  a  scale  pan  hh  may  be  suspended.  The  latter  carries  a  light 
horizontal  disk  vv,  to  be  submerged  in  water  (not  shown),  with  the 
object  of  deadening  vibrations  when  the  apparatus  is  in  adjustment. 
The  upper  plate  be  also  carries  an  adjustable  mirror  N"  for  angular 
measurement,  as  well  as  an  index  fg^  moving  across  a  stationary  grad- 
uated dial  (not  shown  in  figure),  by  which  the  amount  of  twist  which 
holds  the  weight  P  in  equilibrium  is  roughly  registered. 

In  adjusting  the  apparatus  the  scale  pan  hh  is  removed,  and  the  rods 
al  so  placed  that  the  lever  dd  is  vertical.  After  thoroughly  clamping 
al  (care  being  taken  to  avoid  twisting  the  wire  ww)^  the  scale  pan  is  at- 
tached at  m'j  and  additional  weights  P  added,  such  as  hold  the  lever 
dd  horizontal.  Hence  the  two  halves  of  the  wire  ww  are  twisted  90^ 
each  for  the  whole  length.  Other  twists  may  be  applied  by  rotating 
the  torsion  circles  and  adding  suitable  weights  P. 

To  fasten  the  wire  between  the  plates  a6  the  lower  one  is  clamped 
in  a  vise,  and  the  four  screws  then  fastened  securely.  There  is  uo  t<i- 
tational  sliding  here  under  the  given  stxeasea,  a^  \^  -^ton^^"^^  ^^a^sak* 
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ining  wires  of  exceedingly  high  viscosity.  Some  difficulty  is  experi- 
enced in  origfnally  fixing  the  wire  ww  in  place  quite  fr«  e  from  torsional 
strain.  There  is  also  some  flexure.  But  for  wires  of  the  radius  given 
these  discrepancies  are  negligible  in  comparison  with  other  errors  in- 
herent in  the  wires.  In  examining  the  effect  of  strain  on  viscosity  it 
would  be  desirable  to  connect  A  and  B  rigidly  together  and  express  the 
strain  in  terms  of  the  weight  P;  bat  this  is  beyond  the  purpose  of  the 
present  paper. 

136.  Method  of  computation. — To  compute'  the  results  obtained  with 
the  apparatus  just  described,  let  2<p  be  the  amount  of  viscous  angular 
motion  in  radians  of  any  right  section  of  the  wire  relative  to  another 
right  section  whose  distance  from  the  first  is  the  unit  of  length.  Then 
in  the  given  adjustment  the  mirror  registers  an  angle  eorresponding  to 
2^;  since  at  each  section,  though  equal  angular  detorsion  takes  place 
in  opposite  directions,  both  must  influence  the  mirror  in  view  of  the 
constancy  of  the  twisting  couple.  Furthermore,  suppose  that  in  the 
plane  of  a  right  section  there  is  no  shearing.  Then  2d(p/dt=20t  is  the 
common  angular  velocity  with  which  the  shear  is  increased  throughout 
the  length  of  the  wire.  Consider  any  elementary  cylindrical  shell  whose 
length  I  is  the  effective  length  of  either  half  of  the  wire  tvw  and  whose 
right  section  is  2n'rdr,  where  r  is  the  radius  of  the  section.  Then  the 
amount  of  force  distributed  uniformly  over  27trdr  will  be 

27crdr,^^ 
df^rf-^f—l2C,r (4) 

Multiplying  by  r  and  integrating  both  sides  between  0  and  />,  the  radius 
of  the  wire, 

\p\^fj,^20, (5) 

where  P  is  the  weight  at  the  end  of  the  lever  arm  A,  by  which  the  sys- 
tem is  held,  in  equilibrium.    In  any  given  adjustment  PA/;r/>^= A,  and 

is  constant.    Hence  ^ 

Vr=AI2a, (6) 

In  these  equations  it  has  been  tacitly  assumed  that  frfr^dr^-qjr^dr. 
Under  any  conditions,  therefore,  ^c  is  a  mean  value  for  the  sections  de- 
fined by  these  integrals. 

136.  Data  obtained. — With  these  equations  at  hand  it  is  not  difficult  to 
undersrtand  the  results  of  the  following  tables,  78  to  81.  Here  p  is  the 
radius  and  I  the  length  of  each  efiective  half  of  the  steel  wire.  P  is  the 
total  force  (being  the  weight  plus  the  weight  of  scale  pan)  acting  at  the 
end  of  the  lever  arm  A  (see  Fig.  28).  The  rate  of  twist  is  given  under  r 
in  degrees,  and  2^  is  the  total  yield  (in  degrees)  observed  at  the  end  of 
the  experiment.  N  denotes  the  actual  scale  reading  in  the  telescope  at 
the  time  given,  and  2^  is  the  viscous  angular  motion  in  radians  between 
two  right  sections  whose  distance  apart  is  1' 


cm 


'  The  qoftntity  2^  is  here  ased  conformably  with  my  earlier  papers. 
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In  the  second  hialf  of  the  tables  20  the  time  rate  of  change  of  2(p  is 
inscribed,  and  the  final  column  contains  the  computed  viscosity  for  the 
time  specified.  All  times  are  reckoned  from  the  moment  at  which  the 
twist  is  applied.  To  obtain  20tj  I  availed  myself  of  graphic  methods, 
these  being  quite  in  conformity  with  the  mean  accuracy  of  the  work. 
Table  78  contains  results  for  the  wire  No.  1,  already  twisted  in  Table 
75  above.  Three  twists  are  applied  alternately  in  opposite  directions. 
In  Table  79  the  same  wire  is  similarly  examined  after  it  has  been 
softened  by  heating  to  redness  and  cooling  in  air.  Table  80  supplies 
data  for  a  new  glass  hard  steel  wire,  originally  free  from  stored  twist. 
Table  81,  finally,  contains  the  viscous  constants  of  a  wire  tempered  at 
450<^.  This  is  the  identical  wire  with  which  I  made  my  earlier  difter- 
ential  observations. 


Table  7S.—Ahaoluie  viaeotiiy  ofglaat-hard  aieel  wire  No.  1. 

A«s200«;  l=18*9»;  P=82  X  981  dyiMf ;  p=*0106->;  A=0'48». 

FOUBTH  TWTST. 
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o 
+7 

MO. 

0 
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291 
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202 
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0 
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4-02 
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4-64 
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SIXTH  TWIST. 
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Table  &0,—Ah$olule  viaooHty  of  gla$8'hard  ateel  wire,  No.  2— Continned. 


GLASS-HABD.    SECOND  TWIST. 


r 
2^ 

Time. 

N 

2^X10* 

Time. 

2CiXlO» 

HiAO" 

o 
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•6 

MO. 

0 
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2100 
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4*70 
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per  tee, 
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gjet. 
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S806 
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in 
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GLASS-HABD.    THIRD  TWIST. 


0 
240 
600 


•00 
1^17 


0 
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Wire  breakfl  Bponianeoiuly 


Tablb  81. — Abaolute  viscoHiy  of  ateel  annealed  at  450^,  tdre  No.  15. 

IsU-O";  p=040e-;  A=r200*-;  P=82  X  981  dyiMt;  A=9-43«. 
TWISTED  INDBWNITELT. 
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111 

811 
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0 

46 
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46 

1600 

40 
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80 
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34 
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31 
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Some  few  irregularities  are  iutroduced  into  the  above  data,  ftom  the 
fact  that  vibratioDS  coald  not  be  rigorously  excluded.  Inasmuch  as 
vibration  increases  the  rate  of  twist  periodically,  it  thus  supplies  a 
greater  number  of  instabilities  than  exactly  correspond  to  the  mean 
twist  (position  of  equilibrium)  in  question.  Hence  viscosity  is  decreased 
by  vibration. 

In  case  of  No.  15  aud  No.  2,  etc.,  the  rate  of  twist  of  the  two  halves 
of  the  wire  ww  (Fig.  28)  was  possibly  not  quite  the  same.  Hence  the 
viscous  motion  would  also  be  slightly  too  large.  In  case  of  different 
mean  lengths  {,  in  two  different  wires,  the  rate  of  twist  for  the  same 
load  P  would  again  be  different,  thus  introducing  small  discrepancies. 
Finally  for  No.  15,  which  bad  become  somewhat  worn  after  long  use, 
the  load  P  probably  strained  the  ^  ire  too  near  the  elastic  limits.  This 
supplies  fresh  instabilities  by  which  viscosity  is  successively  decreased 
from  twist  to  twist  and  accords  with  the  results  actually  obtained. 
Hcuce  it  is  best  to  accept  the  behavior  of  the  softened  wire  No.  2  as 
typical  of  No.  15.  Steel  annealed  at  450^  and  at  1000<^  is  of  equal  vis- 
cosity, as  I  have  shown  in  numerous  experiments. 

DIS0X7SSI0N. 

137.  Retrospective. — Turning  first  to  the  values  ^,  it  is  seen  at  once 
tbat  they  substantiate  the  results  of  my  earlier  papers  throughout.^ 
They  need  not  therefore  be  further  commented  on  here.  Table  81  per- 
haps has  special  interest,  since  the  <p  here  contained  is  the  datum  for 
the  normal  wire  formerly  used.  With  this  datum  in  hand,  the  results 
of  the  earlier  papers  may  easily  be  reduced  to  absolute  values, for  I  have 
endeavored  to  make  the  angles  r  of  the  same  value  in  both  cases,  so 
that  (p/r  may  be  comparable  at  once. 

138.  Spontaneous  breaking, — The  spontaneous  breaking  of  the  glass- 
hard  wire  in  Table  80  is  worthy  of  remark.  It  occurred  during  the  third 
twist,  and  at  a  time  when  the  wire  was  in  no  way  interfered  with.  This 
corresponds  to  the  spontaneous  explosion  of  tempered  projectiles  fre- 
quently observed.  It  also  corresponds  to  thcj  spontaneous  rupture  of 
stressed  glass,  whether  the  stress  be  stored  internally  or  applied  ex- 
ternally. I  have  observed  this  interesting  phenomenon  in  glass  under 
a  great  variety  of  conditions.  In  all  cases  there  is  gradual  molecular 
change,  or  slow  viscous  yielding  to  the  point  of  rupture. 

139.  Time  variation  of  absolute  viscosity, — The  chief  results  of  Tables 
78  to  81  are  the  values  t;^  whether  they  be  regarded  as  time  functions 
or  as  exponents  of  the  degree  of  solid  state.  In  Pl.YI,  I  have  therefore 
constructed  them  graphically.  As  an  inspection  of  the  figure  shows  at 
once,  both  the  viscosity  and  its  rateof  increase  with  time  are  greater  in 
case  of  hard  steel  (Tables  78, 80)  than  in  soft  steel  (Tables  79, 81).  After 
about  an  hour's  time  the  final  viscosity  of  hard  steel  may  be  quite  as 

>  Am.  Jour.  Sci.(III).  18G6,  vol.  32,  p.  181-102,  and  1887,  vol  33,  p.  20-3G. 
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large  as  the  initial  viscosity  of  soft  ^teeH.    For  equal  times  after  twist- 
ing, the  viscosity  of  soft  steel  is  enormously  the  greater. 

The  curves  show  no  pronounced  curvature,  being  in  part  convex  and 
in  part  concave.  This  is  particularly  clear  in  the  case  of  hard  wires, 
where  the  vLsoosities  are  smaller,  the  viscous  deformations  large, and  the 
observations  therefore,  as  a  whole,  much  more  accurate  (Tables  78, 80). 
The  extended  curves  (Tables  79,  81)  for  soft  wires,  on  the  contrary,  are 
less  certain,  because  the  viscous  deformation  is  proportionately  smaller. 
Honce  I  may  regard  the  promiscuous  irregularities  of  the  curves  of  PL 
YI  due  to  errors  of  observation  and  construction.  It  is  exceedingly 
difficult  to  draw  tangents  correctly.  Again,  the  observations  are  ham- 
pered by  vibrations,  etc.,  in  the  way  indicated  at  the  end  of  §  136.  Ac- 
cording to  Kohlrausch's  law,'  —  d^/c2^=a^/f*,  where  a  and  n  are 
constants.  In  case  of  small  torsions,  or  during  short  times,  the  simple 
relation  ^d^fdt=a<p/t  suffices.  Thus  the  character  of  the  curves  of 
Fig.  33  may  be  considered  linear  during  the  first  3000  sec.  after  twist- 
ing. Viscosity  therefore  increases  proportionally  to  time,  at  the  rates 
expressed  in  the  following  Table  82 : 

Table  82,'Sate  of  increase  of  the  absolute  viscosity  of  steel. 


Hard 
•teel. 

Twist 

10-M 
t/M0 

Soft 
BtoeL 

Twist 

10-M 

Tftb.  4 
Tak  6 

+0 

220 
140 
240 
230 
140 

Talk  6 
Tab.  7 

±1 

+3 

+1 
-2 
+8 

1200 
140O 
1000 
1600 
1200 
1000 

Table  82  shows  the  mean  rate  tf/sec.  for  bard  steel  to  be  194  xlO^' 
and  its  mean  viscosity  77  at  500  see.  to  be  140  x  10^;  for  soft  steel  tf/sec.  = 
1400xl0>>  and  mean  viscosity  at  500  sec.,  rf=510xW\  The  general 
explanation  of  these  results  has  been  indicated  in  §133.  In  a  liquid  or  a 
viscous  fluid  under  moderate  stress  the  instabilities  are  supplied  by  the 
mere  thermal  agitation  at  ordinary  temperatures  at  the  same  rate  in 
which  they  are  used  in  promoting  the  viscous  motion.  Hence  viscosity  is 
constant  at  a  given  temperature.  Id  a  solid  this  is  not  the  case;  insta- 
bilities are  here  expended  at  a  rate  decidedly  greater  than  the  small  rate 
of  continuous  supply.  Thus  viscosity  decidedly  increases  with  time. 
Suppose  therefore  a  substance  of  initially  greater  viscosity  to  start 
on  its  viscous  deformation  at  an  instant  when  the  viscosity  of  a  sub- 
stance of  initially  smaller  viscosity  has  been  increased  by  time  to  the 
initial  value  of  the  former  c^se.  This  can  be  realized  by  twisting  the  soft 
steel  about  an  hour  after  the  hard  steel  rod  has  been  twisted.  Then 
in  the  succeeding  times,  even  though  the  substance  of  greater  and  the 
substance  of  less  viscosity  start  at  a  stage  of  equal  viscosity,  the  vis- 

*  Kohlransota:  Pogg.  Anc,  vol  12a,18M,^l\ft. 
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cosity  of  tbe  former  will  rapidly  overtnke  the  viscosity  of  the  latter; 
for  the  sapply  of  instability  due  to  temperatare  alone  is  oontinaoasly 
greater  in  one  case  than  in  the  other. 

140.  Solidity  of  the  three  states  ofaggregation,-'  Summarizing  tbe  results 
of  the  above  paragraphs,  the  visconities  of  the  three  states  of  aggrega- 
tion may  be  expressed  in  terms  of  the  absolute  g/cs  scale  as  follows: 


Tablk  S:i,—VUeo9%tff  in  iU  variation  with  the  htate  of  aggregation. 


OaMS  And  TSpOTB. 

Andrews's 

critical 

state. 

Liquids.  $ 

Visoons  fluids. 

SoUda. 

Sab- 
Btance. 

i| 

Sab. 
stance. 

If 
1 

Sabetance. 

i| 

Sub- 
stance. 

i| 

*Ether,Oo 
*Air,(P. 

6-8  X10-* 

8-7  X10-* 

I -75  X 10-* 
212X10-* 

1 

X  Btber,  30o 

:Etber.  lOO 

Water,  97° 
tWater,20o 
Glycerine** 

9  X10-* 

1-9  X10~» 

3-0  X10-« 
3-00X10-* 
6 

MariDe  \ 
gloe    5 

4X10* 

% 

Paraffine.  ) 
(m.p.&5O)>>4Xl0>> 
at20o.        ) 
ttHard  steel,  m"  to 
glass,  etc    S  10>*. 

ttSoft  9  6X101' to 
steel.  56X10U 

Range.. 

10-*  to! 

Range 

ttot 

B«nge 

f  tolO* 

Range.. 

10«tolO" 

Range...  10"  to  10» 

*  FalqJ :  loo.  oit 

t  O.  £.  Meyer:  loo.  oit,  p.  14S. 

X  Laodolt  and  Boemstein's  tables  (loo.  cit.)  and  Slotte  (loo.  olt). 

**  Rough  measurement  of  my  own,  $  127. 

tt  During  the  first  hour  (600  to  3, 000  secoods)  after  twisting  lust  within  the  elastic  limits. 

The  limits  here  defined  are  of  course  somewhat  arbitrary.  They  will 
be  made  more  definite  when  a  greater  number  of  bodies  lying  on  the 
boundary  between  the  classes  have  been  examined.  Information  is 
notably  lacking  in  relation  to  Audrews^s  critical  temx>erature,  which,  in 
the  light  of  the  context  of  Table  83,  is  particularly  interesting.^  It  is 
not  improbable  that  the  critical  temperature  may  be  definable  by  a 
narrow  limit  of  viscosity,  quite  independent  of  the  substance  operated 
on.  What  this  limit  will  probably  be  I  do  not  venture  to  assert^  seeing 
that  the  viscosity  of  gases  decreases  on  cooling,  whereas  that  of  liquids 
increases  on  cooling. 

Table  83  gives  the  positively  astounding  range  of  variation  of  7^  the 
chief  variable  of  our  material  environment — a  variable  which  through- 
out the  whole  enormous  interval  nowhere  fails  to  appeal  to  our  senses. 
Knowing  these  data,  it  will  be  possible  to  look  somewhat  into  the  in* 
sides  of  solids  and  to  express  the  existing  state  of  instability  statistic- 
ally. But  this  calls  for  an  application  of  more  searching  mathematics 
than  I  am  justified  in  attempting. 

1  Professor  Warburg  has  had  the  kindness  to  refer  me  to  an  elaborate  paper  by  himself  and  t.  Babo^ 
in  which  tiie  vicosity  of  carbon-dioxlde  paAsing  continuously  through  the  critical  temperature  is  elab- 
orately considered.  (Wied.  Jinn..  toL  17, 1682,  p.  380.)  Unfortunately,  I  can  here  do  no  more  than  call 
attention  to  this  valuable  contribution,  which  was  inadvertently  overiooked  in  my  orijdnal  study  of 
the  subject.  Warburg  and  v.  Bal)o's  results  are  such  as  conform  with  the  substance  of  the  above  text 
and  I  am  glad  to  acknowledge  that  Ihey  were  the  first  in  the  field  to  to  approach  the  queation. 


BABUB-j  Thomson's  viscositt.  135 

Jii  concluding,  1  may  state  that  though  I  am  cognizant  of  the  reasons 
which  induced  Sir  William  Thomson  to  apply  the  word  viscosity  to  the 
>[>henoinona  of  the  present  paper,  I  wish  he  had  cliosen  M^onie  Other 
term.  Viscosity  is  misleading.  Undoubtedly  a  substance  which  is 
infinitely  viscous  is  solid,  for  the  parts  of  such  a  body  are  stuck  to- 
gether beyond  the  possibility  of  permanent  yielding.  This  truth,  how- 
ever, is  of  the  kind  which  Gauss'  in  referring  to  Lagrange's  extension 
of  the  principle  of  least  action,  called  ^'mehr  witzig  als  wahr."  Unfor- 
tunately the  impressions  conveyed  in  speaking  of  a  very  viscous  body 
and  ot  a  solid  body  are  different.  I  do  not  know^  bat  I  think  solidity 
¥  ould  have  been  a  better  word  than  viscosity. 

^Cl  KloiA;  Di«  Pdnoipion  der  Meohuiik,  LeipsiA  Teabner,  1872,  p.  Ml 
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Washington^  D.  0.,  July  31,  1890. 
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U.  S.  Geological  Survey. 
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F.  W.  Clarke, 

Chief  Chemist, 
Hon.  J.  W.  Powell, 

Director. 
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PREFACE. 


The  present  balletin  is  essentially  a  new  edition,  revised,  corrected, 
and  mnch  enlarged,  of  a  report  published  by  the  Geological  Survey  of 
North  Carolina  in  1881^  Since  that  time  there  has  been  great  activity 
in  developing  the  mineral  resources  of  the  State;  and  by  the  reopening 
of  old  localities  and  the  discovery  of  new  deposits,  a  goodly  number  of 
species  have  been  added  to  the  old  lists.  To  mineralogists  [N'orth  Caro- 
lina has  become  classic  ground,  especially  as  regards  the  mines  of  mica 
and  corundum;  the  localities  for  modified  quartz;  the  gold  sands  of 
Burke,  McDowell,  and  Butherford  Counties;  and  the  emerald  and  hid- 
denite  discoveries.  Minerals  formerly  supposed  to  be  rare  are  now 
found  abundantly,  and  through  the  recent  developments  of  chemical 
industry  even  such  unusual  species  as  samarskite,  monazite,  and  zircon 
have  acquired  commercial  importance.  For  example,  in  response  to 
an  industrial  demand,  I7orth  Carolina  has  supplied  zircon  and  mona- 
zite by  the  ton,  and  samarskite  by  the  hundredweight;  and  the  output 
can  be  increased  almost  indefinitely.  The  State  has  also  contributed 
to  science  several  new  species  as  yet  not  found  elsewhere,  and  some  of 
these,  notably  among  the  vermiculites,  are  significant  for  the  light 
which  they  shed  upon  other  associated  minerals. 

In  the  former  edition  of  this  report  due  credit  was  given  to  several 
industrious  workers  whose  enthusiasm  had  done  much  for  the  com- 
pleteness of  the  record.  The  late  Prof.  J.  T.  Humphreys,  and  Dr.  O.  L. 
Hunter,  Mr.  J.  A.  D.  Stephenson,  and  Mr.  G.  B.  Hanna  were  there 
especially  named.  Mr.  William  Earl  Hidden,  of  Newark,  New  Jersey, 
was  also  mentioned,  but  since  then  his  continued  labors  have  added 
largely  to  our  knowledge  of  the  mineralogy  of  the  State.  Mr.  G.  F. 
Kunz,  also,  in  a  number  of  separate  papers  and  in  his  large  work  upon 
"  The  Gems  and  Precious  Stones  of  North  America,"  has  done  excellent 
service  to  the  mineralogy  of  North  Carolina.  To  Prof.  J.  A.  Holmes, 
of  Chapel  Hill,  Michigan,  much  credit  is  also  due,  particularly  for  per- 
fecting the  list  of  localities. 

iln  an  earUer  form  it  appeared  in  1871  aa  Appeodix  C  of  W.  C.  Kerr's  report    A  new  editioama& 
printed  in  1875  aa  chap.  I  of  vol.  XI  of  the  Geology  of  North  Carolina. 
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In  the  present  memoir  there  will  be  foond  many  new  analyses,  the 
greater  number  having  been  made  by  the  author  or  nnder  his  direct 
supervision.  Several  very  important  analysea,  however,  were  furnished 
by  the  chemists  of  the  United  States  Geological  Survey.  To  the  field 
geologist  or  the  collector  of  minerals  the  table  of  localities  at  the  end 
of  the  report  will  be  of  especial  value. 


THE  MINERALS  OF  NORTH  CAROLINA. 


By  Fbedebigk  A.  Genth. 


NATIVE  ELEMENTS. 

GOLD. 

Oold  occurs  in  uumerons  localities  throughout  the  State,  generally 
in  quartz  veius  of  gueissic,  granitic,  and  dioritic  rocks,  also  in  those  of 
talcose,  chloritic,  and  argillaceous  slates,  and  in  beds  of  the  slates 
themselves,  and  in  gravel  deposits,  the  debris  of  the  decomposed  rocks 
and  veins.  The  principal  counties  in  which  it  has  been  found  in  suffi- 
cient quantity  for  exploitation  are  Franklin,  Nash,  Granville,  Ala- 
mance, Chatham,  Moore,  Guilford,  Davidson,  Randolph,  Montgomery, 
Stanly,  Union,  Oabarrns,  Bowan,  Mecklenburgh,  Lincoln,  Gaston,  Ga- 
tawba,  Caldwell,  Burke,  McDowell,  Kutherford,  Polk,  Cleveland, 
Cherokee,  Jackson,  Transylvania,  and  Watauga. 

It  is  generally  more  or  less  alloyed  with  silver,  varying  from  pure 
gold  on  the  one  side  to  pure  silver  on  the  other.  Near  the  surface  it  is 
usually  associated  with  limouite  and  at  a  greater  depth  of  the  deposits 
with  pyrite,  chalcopyrite,  galenite,  zinc  blende,  tetradymite,  arsenopy- 
rite,  rarely  with  altaite  and  nagyagite.  Specimens  of  gold,  remarkable 
for  their  size,  have  been  found  at  the  Beid  mine  in  Cabarrus  County, 
the  Crump  mine  and  the  Swift  Island  mine  in  Montgomery  County 
(at  the  latter  place  in  plates,  covered  with  octahedral  crystals),  at  the 
Cansler  &  Shuford  mine  in  Gaston  County,  the  Little  John  mine 
in  Caldwell  County,  and  Pax  Hill  in  Burke  County.  Very  beautiful 
arborescent  gold  has  been  obtained  from  the  Shemwell  vein  in  Buther- 
ford  County.  The  variety  "  electrum,"  containing  from  36  to  40  per 
cent  of  silver,  has  been  met  with  in  octahedral  crystals  at  Ward's  mine, 
in  Davidson  County ;  also,  in  Union  County,  at  the  Pewter  miue,  and 
associated  with  galenite  and  zinc  blende  at  the  Stewart  and  Lemmoud 
mines,  and  in  the  neighborhood  of  Gold  Hill,  Bowan  County. 

According  to  the  late  Dr.  Asbury,  very  interesting  specimens  have 
been  found  at  Silver  Hill,  when  the  mine  was  first  opened,  consisting 
of  lumps  of  several  inches  in  leugth,  one  end  of  which  was  pure  gold, 
while  the  other  was  x)ure  silver.    None  of  them  have  been  preserved.^ 
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SILVER. 


Silver  is,  on  the  whole,  rare  in  North  Carolina.  It  has  been  o1> 
tained  in  considerable  quantities  at  Silver  Hill,  in  its  native  state, 
foliated  and  in  plates  in  cerasslte,  also  associated  with  argentite,  gale- 
nite  and  zinc  blende  in  small  lumps,  and  arborescent  and  filiform'  masses; 
it  has  also  been  found  in  small  plates  and  reticulated  masses^  associated 
with  tetrahedrite  and  zinc  blende,  at  the  McMakin  mine,  in  Cabarrus 
County;  two  specimens  of  laminated  silver  have  been  observed  by  Dr. 
Asbury  at  the  Asbury  mine,  in  Gaston  County;  it  has  also  been  found 
by  Hon.  O.  J.  Cowles,  of  the  Charlotte  Assay  Office,  associated  with 
chalcocite,  at  Gap  Creek  mine,  Ashe  County,  and  rarely  with  the  gold 
ores  of  Scott's  Hill,  Burke  County. 

PLATDOTM. 

The  occurrence  of  grains  of  platinum  among  the  sands  of  the  gold- 
washings  of  Butherford  and  Burke  Counties  was  first  brought  to  notice 
by  General  Clingman,  who  sent  half  a  dozen  grains  from  a  mine  near 
Jeanestown  to  Prof.  C.  XT.  Shepard.  It  has  also  been  found  on  Brown 
Mountain,  in  Burke,  northwest  of  Morganton,  on  G«n.  B.  F.  Hoke's  land. 
It  is  reported  as  having  been  found  near  Burnsville,  Tancey  County. 
Hidden,  after  much  searching,,  failed  to  discover  platinum  at  any  of  the 
reported  localities. 

PALLADIUM. 

General  Clingman  sent  a  specimen  to  Prof.  C.  IT.  Shepard,  which 
came  probably  from  Burke  or  Rutherford  County,  which  the  latter  pro- 
nounced **  native  palladium."    Very  doubtful. 

COPPER. 

« 

Copper  is  found  in  small  quantities  in  several  mines,  principally 
near  the  surface,  in  minute  distorted  crystals  with  limonite  at  the 
McCuUoch  mine,  in  Guilford  County;  arborescent  and  in  crystalline 
plates  at  the  Union  Copper  mine,  in  Cabarrus  County,  near  Gold  Hill. 
One  lump  of  copper,  about  two  inches  in  size,  much  resembling  that 
from  the  Cliff  mine,  Lake  Superior,  said  to  have  been  found  in  Stokes 
County,  is  in  the  museum  at  Baleigh.  It  also  occurs  in  quartz  and  epi- 
dote  rock  at  Harris  Mountain,  one-half  mile  east  of  Gillis  mine.  Person 
County,  at  Wolf  Creek  mine,  Jackson  County,  and  Ore  Knob,  Ashe 
County.  A  very  interesting  association  is  that  of  native  copper 
in  quartz  crystals  from  lower  Mecklenburg  County,  as  observed  by  Mr. 
E.  Bissell. 

IRON. 

Terrestrial  native  iron  has  been  found  by  Mr.  W.  F.  Page  associated 

with  monazite,  zircon,  etc.,  in  the  auriferous  gravel  of  Burke  County. 

It  was  in  the  form  of  small  malleable  grains  of  almost  pure  iron,  with 

mere  traces  of  opb^lt.    Apart  from  thiSi  a  great  number  of  highly  in- 
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teresting  meteoric  masses  have  been  foand  in  the  State.  Many  of  them 
have  been  preserved  throagh  the  indnstrions  perseverance  of  Gen. 
Gliugman,  and  wore  described  by  Prof.  Shepard.  The  meteorites  found 
were  both  irons  and  stones.    They  are : 

1.  The  Gas  well  Coanty  iron,  which  fell  on  January  30,  1810;  it 
weighed  3  pounds,  and  was  described  by  Madison. 

2.  The  Guilford  County  iron  wskn  found  in  1820 ;  weighed  28  pounds, 
and  was  described  by  G.  U.  Shepard  in  1841.    Analysis  gave: 

Iron 92-750 

Nickel 3145 

Iron  salphide 0*750 

3.  The  Bandolph  County  iron  was  found  in  1822,  and  weighed  about 
2  pounds.  It  was  described  by  C.  U.  Shepard.  It  is  highly  crystalline, 
distinctly  foliated,  and  presents  thin,  much  interlaced  laminae.  When 
polished  and  etched  it  shows  very  fine  almost  invisible  feathery  lines, 
much  resembling  hoar  frost  on  a  window  pane.  It  is,  according  to 
Shepard,  pure  iron  with  cobalt  only  in  traces.  It  has  a  hardness  like 
the  best  tempered  steel,  and  a  sp.  gr.  7-618. 

4.  The  Black  Mountain  irou,  from  the  head  of  the  Swannanoa  Biver,  15 
miles  east  of  Asheville.  It  weighed  21  ounces  and  is  evidently  a  frag- 
ment from  a  larger  mass.  It  is  highly  crystalline,  laminated,  the  lamiusd 
being  about  one-tenth  of  an  inch  in  thickness  and  arranged  parallel  to 
octahedral  planes.  Sulphide  of  iron  being  inclosed  between  the  laminae 
renders  it  subject  to  rapid  weathering.  The  analysis  by  C.  U.  Shepard 
gave: 

Iron 9604 

Nickel,  with  trace  of  cobalt 2*52 

Insolable  Balphar  and  loes 1  *44 

Sp«  gr.,  7'261. 

It  was  discovered  in  1836. 

5.  The  Asheville  iron,  discovered  in  1839  on  Col.  Baird's  plantation, 
near  the  French  Broad  Biver,  6  miles  north  of  Asheville.  It  weighed 
about  30  pounds.    Analysis  by  G.  U.  Shepard : 

Iron 96-5 

Nickel 2-6 

Silicon 0'5 

Chlorine 0-2 

99-8 
With  traces  of  cbromium,  snlpbnr,  cobalt,  and  arsenic. 

6.  The  Buncombe  County  iron,  found  in  1845  and  described  by  C.  U. 
Shepard  in  1846,  weighed  about  27  pounds. 

7.  The  Hominy  Greek  iron,  near  the  base  of  Pisgah  Mountain,  10 
miles  west  of  Asheville.  It  weighed  between  5  and  6  pounds.  It  is 
vesicular  near  the  surface,  and  is  said  to  contain  chrysolite,  and  becomes 
more  compact  towards  the  central  portion.  The  polished  and  etched  \ior. 
tionsof  the  compact  meteorite  show  most  detUoeA^  ^V^TSi^k'QSi^N}^^^^^ 
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flgares,  consisting  of  very  minute  and  thickly  interspersed  triangles. 
Sp.  gr.  7-32.    The  analysis  by  Clark  gave : 

Iron 93-225 

Nickel  (cobalt) 0-236 

Iron,  nickel,  phosphorasi  and  graphite 4-765 

Copper  and  tin 0*099 

Snlphur 0-543 

Silicon 0-501 

Magnesium,  manganese .....* traces. 

99-369 

8.  The  Madison  Gonnty  iron,  from  Jewel  Hill.  Several  masses  have 
been  found.  One  of  8  pounds  13  ounces,  described  by  J.  L.  Smith,  was 
presented  to  him  by  Hod.  T.  L.  Clingman,  in  1854.  It  was  covered 
with  thick  rust,  and  it  deliquesces  on  account  of  the  presence  of  fer- 
rous chloride.  The  etched  surface  shows  the  most  beautiful  fine  Wid- 
mannstadtian  figures. 

The  analysis  by  Smith  gave : 

Iron 91-12 

Nickel 7*82 

Cobalt 0-43 

Phosphoras 0-08 

Copper trace. 

99-45 

Another  mass,  which  weighed  about  40  pounds,  was  found  in  1857 ; 
part  of  it  is  in  the  collection  of  Amherst  College. 

Still  a  third  mass,  found  in  1873,  is  known  to  collectors  as  the  Duel 
Hill  iron.  It  weighed  25  pounds,  and  shows  Widmannst^dtian  figures 
with  octahedral  structure,  inclosing  bright  nickel  iron.  Deliquesces  on 
account  of  inclosed  ferrous  chloride.  Sp.  gr.  7*46.  The  analysis  by  B. 
S., Burton  gave: 

Iron 1 94-24 

Nickel 5-17 

Cobalt 0-37 

Copper trace. 

Insoluble^ 0-15 

99.93 

9.  The  Haywood  County  iron,  described  by  Shepard,  weighed  only 
one-eighth  of  an  ounce.  It  is  highly  crystalline.  When  polished  and 
etched  shows  brilliant  Widmanustadtian  figures.  It  is  also  irregularly 
veined  by  a  black  mineral,  which  appears  to  be  magnetite.  Sp.  gr.  7*419« 
Contains  iron,  nickel,  chromium,  and  phosphoras. 

10.  The  Rockingham  County  iron,  from  Smith's  Mountain,  2  miles 
north  of  Madison;  found  in  1866  in  an  old  field  grown  up  with  pines, 
but  cultivated  10  or  16  years  previously.  It  fell  probably  in  the  interval. 
The  original  weight  was  11  pounds,  the  greater  portion  of  which  is  pre- 
served in  the  museum  at  Raleigh.    It  is  highly  crystalline  and  on  etching 

'Silica,  iron,  nickel,  cliToixu\mi,  8iix!QLi^\io«^\iQrQA« 
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gives  fine  WidmannstSdtian  figures,  showing  that  it  consists  of  probably 
threedifferent  kinds  of  iron.  Contains  also  schreibersite  in  short,  very 
minute  quadratic  crystals ;  the  so-called  rhabdite ;  and,  according  to  J. 
L.  Smith,  solid  chloride  of  iron.  Sp.  gr.  7-78.  It  has  been  analyzed  by 
me  (I)  and  J.  L.  Smith  (II)  as  follows : 


Iron 

Kiokel 

Cobalt 

Copper 

{Iron 
Nickel  (cobalt) 
Phoephorus.... 


I. 

II. 

90-41 

90-88 

8-74 

r808 
(0-50 

Oil 

003 

0-27 
0-33 
0-14 

008 

lOOOO 

9Sf'46 

II.  A  second  mass  of  iron  from  near  Old  Mansion  House,  on  Deep 
Spring  Farm,  Bocklngham  County,  now  in  the  State  museum  at  Raleigh, 
has  recently  been  analyzed  by  F.  P.  Yenable.    Besults  as  follows : 

Iron 87-01 

Nickel Il-t59 

Cobalt , 0-79 

Chlorine 0-39 

Phosphoma 0'04 

Silica 0-53 


100*45 


12.  A  small  meteoric  iron,  weighing  only  428  grammes,  was  found  on 
Linnville  Mountain,  in  Burke  Oounty,  about  1882.  It  came  into  the 
possession  of  Mr.  Norman  Spang,  of  Etna,  Pennsylvania,  from  wbom 
it  was  obtained  by  Mr.  G.  F.  Kunz,  who  described  it.  Ite  dimensions 
are  65  mm.  long,  35  mm.  high,  and  38  mm.  wide.  It  is  rough  on  one 
side,  with  very  shallow  pittings  on  the  other ;  it  shows  traces  of  a  black 
crust,  and  although  the  mass  has  not  rusted,  small  drops  of  ferrous 
chloride  have  collected  in  crevices.  It  contains  some  troilite,  but  does 
not  show  the  Widmannstadtian  figures.  A  partial  analysis  was 
made  by  W.  D.  Weikel  (I)  in  1886,  in  the  laboratory  of  the  University 
of  Pennsylvania ;  and  later  a  more  complete  analysis  was  reported  by 
J.  B.  Whitfield  (II) : 


Iron 

Nickel 

Cobalt 

Copper 

Sulphar 

Carbon 

Pbosphonu. 
Silicon 
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I. 


85-83 
18*44 

•73 


nndet. 


100*00 


II. 


84*56 
14-96 
•33 
none 
•12 
<    trace 
trace 
none 

99-00 
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The  iron  is  now  with  the  Kunz  coliectiou  in  the  imperial  cabinet  at 
Vienna, 

13.  Another  iron  from  Burke  County  was  found  by  a  plowman  about 
2  miles  from  Bridgewater  Station,  near  the  McDowell  County  line. 
It  was  broken  by  some  laborers  into  two  pieces,  weighing  lOJ  and  18^ 
pounds  respectively.  Traces  of  crust  are  still  visible  upon  its  surface, 
which  is  very  much  oxidized.  The  iron  is  highly  octahedral  in  struc- 
ture, and  between  the  plates  schreibersite  is  visible.  On  the  etched 
surface  Widmannstadtian  figures  are  shown  similar  to  those  on  the 
Cabin  Creek  and  Glorieta  meteorites.  Sp.  gr.  of  a  fragment  6*617. 
Analysis  by  F.  P.  Venable :   . 

Iron 88-90 

Nickel 9-94 

Cobalt 0-76 

Phosphorus 0*35 

ChloriDO 002 

99-97 

^or  the  foregoing  particulars  I  am  indebted  to  Mr.  6.  F.  Kunz,  the 
present  owner  of  the  meteorite. 

14.  In  the  latter  part  of  1880  a  meteoric  iron  weighing  72  troy  ounces 
was  found  on  a  farm  near  Ellenboro,  in  Butherford  County.  Some- 
what over  one-half  of  the  mass  was  given  to  Mr.  S.  W.  Cramer,  of  the 
United  States  assay  office  at  Charlotte,  who  recognized  its  character, 
and  by  him  a  liberal  portion  was  given  to  the  IT.  S.  [National  Mu- 
seum. The  iron  is  highly  crystalline,  and  shows  Widmannstadtian 
figures  upon  its  polished  surface  even  before  etching.  It  contains 
small  patches  of  troilite.  From  its  description  by  Mr.  L.  G.  Eakins 
the  following  analysis  is  taken : 

Iron 8805 

Nickel 10-37 

Cobalt 0-68 

Copper 0-04 

Phosphorus 0*21 

Salphnr 0-08 

Silicon 0-02 

99*45 

16.  An  iron  from  Davidson  County,  identified  by  Mr.  W.  E.  Hidden, 
is  described  by  him  as  follows : 

On  the  19th  of  July,  1879,  while  Mr.  Gray  W.  Harris  was  prospectiag  for  gold  on 
his  plantation  near  Lick  Creek,  Davidson  County,  he  found  in  a  ditch  a  nugget  of 
what  appeared  to  him  to  be  silver.  It  was  covered  with  a  thick,  scaly  crust  of  iron 
oxide ;  weighed  2f  pounds ;  was  pear>sbaped ;  measured  4^  by  2i  inches  over  its 
broadest  surface,  and  about  1  inch  in  thickness.  Wherever  cut  or  hammered  It 
showed  a  white  metallic  mass  underlaying  the  red  crust. 
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This  iron  has  been  analyzed  by  Dr.  J.  Lawrence  Smith  and  J.  B.  Maoklntosh.    I 
here  giye  the  average  of  fonr  closely  agreeing  analyses : 

Iron 1 93*00 

Nickel 5-74 

Cobalt 0-52 

Fhosphorus 0*36 

99-62 
Traces  of  snlphnr,  chlorine,  and  copper ;  carbon  not  determined. 
This  iron  does  not  show  the  cnstomary  Widmannstadtian  fignres. 

• 

Apart  from  the  meteoric  irons,  the  following  meteoric  stones  haviB 
fallen  in  North  Carolina,  and  may  properly  be  noted  at  this  point: 

16.  The  Gabarras  County  stone  fell  on  October  31, 1849.  It  weighed 
18^  pounds  and  was  an  irregularly  shaped  mass,  resembling  a  truncated 
four-sided  pyramid;  on  the  base  a  rounded,  undulatory  surface,  coated 
with  a  black,  coherent  crust;  tough;  color,  dark  bluish  gray,  mottled 
with  grains  and  crystals  of  lighter  color;  in  structure,  subporphyritic, 
Sp.  gr.  3-60-5-66. 

According  to  C.  U.  Bhepard  it  contains: 

Nickeliferons  iron  ( with  chrome) 6*320 

Salphide  of  iron 3-807 

Silica 56-168 

FerroQB  oxide 18'108 

Magnesia 10*406 

Alumina 1*797 

LimCi  soda,  potash,  and  loss « 3*394 

100*000 

17.  The  Nash  County  stones  fell  May  14, 1874,  near  Castalia.  Per- 
haps a  dozen  or  more  stones  fell,  of  which  3  have  been  found,  1  of  over 
12  pounds,  the  others  of  2^  and  1-^  pounds.  They  have  a  dull  black 
coating  and  consist  of  darker  and  lighter  portions.  Sp.  gr.  2*601.  The 
analysis  by  J.  L.  Smith  shows  that  it  is  composed  of— 

Nickeliferons  iron 15*21 

StoDy  mineral 84*79 

The  nickeliferons  iron  contains: 

Iron 92.12 

Nickel 6-20 

Cobalt 0-41 

Copper  and  phosphorus  not  determined. 

98-73 
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The  stony  portion  is  partly  solable  in  acids,  leaving  47*2  per  cent 
nndissolved : 


Insoluble 
part. 

Solable 
part 

Silica 

52-31 

4-80 

18*21 

27-31 

1-38 

38*01 

0*48 

17.61 

41-27 

Alnmin* 

FeiToas  oxide .- 

Magnesia 

Sofli  with  traces  of  notash. 

Snlphur. •...•.•••.••....•....•......... 

J-Ol 

99-81 

98-26 

The  Insolable  portion  is  mostly  bronzite;  the  solnble,  chrysolite,  with 
small  particles  pf  anorthite. 

18.  The  Haywood  Goanty  stone  was  seen  to  fall  by  Mr.  W.  A.  Har- 
rison of  Fergason,  abont  6  p.  m.,  Jaly  18, 1889,  and  was  picked  up 
hot.  It  weighed  aboD  t  8  ounces,  and  very  closely  resembled  the  stODes 
from  M6cs,  Transylvania.  In  shape  it  was  slightly  oblong,  and  was 
covered  with  a  deep  black  crust,  which,  broken  at  one  end,  showed  a 
perfect  chondritio  structure,  with  occasional  specks  of  iron.  It  was  sent 
to  New  York  to  Mr.  G.  F.  Kunz,  who  furnishes  its  description;  but  in 
December,  1889,  it  was  unfortunately  lost. 

19.  A  peculiar  substance,  consisting  principally  of  iron  and  silicon, 
^supposed  to  be  of  meteoric  origin,  has  been  found  near  Butherfordton. 
Shepard  described  it  and  called  it  '^  ferrosilicine." 

In  a  recent  <^  List  and  Description  of  the  Meteorites  of  North  Caro- 
lina," by  Prof.  F.  P.  Venable,  published  in  the  "  Journal  of  the  Elisha 
Mitchell  Scientific  Society,"  three  other  occurrences  are  noted,  of  which 
little  is  known.  An  iron  weighing  56  grammes  found  in  Alexander 
County  in  about  1876,  is  now  owned  by  S.  C.  H.  Bailey,  of  Oscawana, 
New  7ork.  Another  fragment  of  iron  marked  as  being  from  Caldwell 
County  is  in  the  State  Museum  at  Baleigh.  Also  a  fragment  of  a  mete- 
oric stone  has  been  reported  from  Ashe  County,  but  it  may  be  identical 
with  the  Grayson  County,  Virginia,  fall. 

LEAD. 

A  few  small  irregular  lumps  of  what  has  been  alleged  to  be  ^<  native 
lead"  were  received  from  Messrs.  Bechtler,  of  Morganton.  They  were 
said  to  have  been  dug  up  4  miles  north  of  Morganton,  in  making  a  road 
near  the  Catawba  Biver. 

ANTIMONY. 

A  small  piece  of  native  antimony  was  received  from  Dr.  Hunter.  It 
is  quite  pure  and  free  from  arsenic,  but  coated  with  a  crust  of  antimonic 
oxide.    From  a  small  vein  in  Burke  County. 
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SULPHUR. 

It  is  freqaently  met  with  ia  minate  crystals  in  cellalar  qaartz,  filling 
the  cavities,  formerly  occupied  by  pyrite,  in  Cabarrus,  Mecklenburg, 
Oaston,  Oaldwell,  Surry,  and  Stokes  Oounties  ;  it  also  occurs  dififnsed 
through  the  interstices  of  a  white  quartzose  sandrock  in  Lincoln  County. 

DIAMOND. 

This  rare  gem  has  been  repeatedly  found  in  North  Carolina,  and  the 
following  occurrences  are  well  established.  In  every  instance  it  was 
found  associated  with  gold  and  zircons,  sometimes  with  mbnazite  and 
other  rare  minerals,  in  gravel  beds  resulting  from  gneissic  rocks,  but 
it  has  never  been  observed  in  the  North  Carolina  itacolumite  or  any 
debris  resulting  from  its  disintegration.  The  first  diamond  was  found 
in  1843  by  Dr.  M.  F.  Stephenson,  of  Gainesville,  Georgia,  at  the  ford 
of  Brindletown  Creek.  It  was  an  octahedron,  valued  at  about  $100. 
Another  from  the  same  neighborhood  came  into  possession  of  Prof.  G. 
W.  Featherstonhaugh,  while  acting  as  United  States  geologist. 

The  third  diamond,  at  Twitty's  Mine,  Butherford  County,  was  ob- 
served in  1846  by  Gen.  Clingman,  in  D.  J.  Twitty's  collection,  and  has 
been  described  by  Prof.  Shepard.  Its  form  is  a  distorted  hexoctahedron 
and  its  color  yellowish. 

The  fourth  came  from  near  Cottage  Home,  in  Lincoln  County,  where 
it  was  discovered  in  the  spring  of  1852,  and  was  recognized  by  Dr.  C. 
L.  Hunter.  It  is  greenish  and  in  form  similar  to  the  last,  but  more 
elongated. 

A  very  beautiful  diamond  was  found  in  the  summer  of  1852  in  Todd's 
Branch,  Mecklenburg  County.  It  was  nearly  of  the  first  water  and 
A  perfect  crystal.  It  was  in  possession  of  the  late  Dr.Andrews,  of 
Charlotte.  Dr.  Andrews  informed  me  that  a  very  fine  diamond  of 
about  the  size  of  a  small  chinquapin,  and  of  a  black  color,  had  been 
found  at  the  same  locality  by  three  persons  while  washing  for  gold.  In 
their  ignorance,  believing  that  it  could  not  be  broken,  they  smashed 
it  to  pieces.  Dr.  Andrews  tested  the  hardness  of  a  fragment,  which 
scratched  corundum  with  facility,  proving  it  to  be  a  diamond. 

A  very  beautiful  octahedral  diamond  of  first  water  was  found  many 
years  ago  at  the  Portis  Mine,  Franklin  County.  There  is  a  report  that 
a  second  one  has  been  found  at  the  same  locality. 

A  small  diamond  was  found  a  few  years  ago  in  McDowell  County,  on 
the  head  waters  of  Muddy  Creek. 

Dr.  C.  Leventhorpe,  of  Patterson,  North  Carolina,  reports  that  a 
small,  poor  diamond  was  found  in  a  placer  mine  in  Butherford  County 
a  number  of  years  ago ;  it  was  given  to  Prof.  C.  IT.  Shepard,  who  put 
it  in  his  collection. 

G.  F.  Ennz  states  that  a  diamond  weighing  4^  carats,  or  873  mg., 
was  found  on  the  Alfred  Bright  farm,  in  Dysortville,  McD<i^^VVQ)WssiX^  ^ 
in  the  summer  of  1886.    It  is  quite  perfect, but  uotxixxte^  ^\i\\ft,Vwrvsv.^^ 
£unt  grayish  green  tint    In  form  it  is  a  dtetottoflL  \iCx.w\aXv^^c«^  ^"^"^ 
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partial  twinning.    Its  specific  gravity  is  3*549,  and  it  measares  lOmin. 
in  length  and  7mm.  in  width. 

According  to  W.  E.  Hidden  another  diamond  was  found  in  1877  by 
a  small  boy  in  the  same  region  as  the  one  above  mentioned.  It  weighed 
2|  carats,  was  shaped  very  mnch  like  a  smooth,  flat  fi<^.ld-bean,  and 
was  very  well  polished  naturally.  It  was  white,  but  somewhat  flawed. 
The  crystal  planes  were  very  obscure.  It  was  finally  sent  to  New  York 
and  cut  into  a  small  gem. 

GRAPHITB. 

Oraphite  has  been  found  at  nnmerons  localities.  It  forms  large  beds 
in  the  gneissic  and  micaceous  schists.  Sometimes  very  minnte  scales 
are  disseminated  through  the  gneissic  and  micaceous,  and  occasionally 
the  limestone  rocks.  In  most  places  it  is  impure  and  gritty,  at  others 
purer  and  better  varieties  have  been  obtain  ed.  The  largest  beds  occur 
m  Wake  Oounty,  others  in  Lincoln,  Cleveland,  Catawba,  Alexander, 
Stokes,  Surry,  Wilkes,  Person,  Alleghany,  Johnston,  and  Tancey 
Counties. 

SULPHIDES,  ETC. 

SULPHIDES    AND    TELLURIDES    OF    METALS    OF    THE    SULPHUR  AND 

ARSENIC  GROUPS. 

STiBNrrE. 

Found  in  the  northern  part  of  Granville  County,  on  the  land  of  Maj. 
N".  A.  Gregory. 

BISMUTHINITE. 

In  very  minute  crystals  and  specks  in  chloritic  slate  associated  with 
gold,  chalcopyrite,  and  pyrite  at  the  Barnhardt  vein  of  Gold  Hill,  Rowan 
County. 

.       TETRApYMITR. 

This  rare  mineral  has  been  found  associated  with  gold  in  quartz  at 
David  Beck's  mine,  5  miles  west  of  Silver  Hill,  and  at  the  Allen  mine, 
in  Davidson  County;  also,  in  minute  scales  in  Cabarrus  County,  at  the 
Phoenix  mine,  Boger  mine,  Cullen's  mine,  at  the  Asbury  vein  in  Gaston 
County,  at  Capt.  Mills's  mine  in  Burke  County,  and  Capt  Kirksey's, 
McDowell  County. 

I  have  analyzed  the  tetradymite  from  Davidson  County  and  that 
from  the  Phoenix  mine,  Cabarrus  County ;  after  deducting  quartz  and 
gold  found : 
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MOLYBDENITE. 

In  granite  and  qaartz  veins,  in  fine  scales  in  the  neighborhood  of  the 
Pioneer  Mills  mine,  Cabarrus  County ;  also,  in  Guilford  County,  and  at 
Peach  Bottom  mine,  Alleghany  County;  at  Haskett's,  Macon  County; 
and  in  many  other  places  west  of  the  Blue  Ridge. 

SULPHIDES,  ETC.,  OF  METALS  OF  THE  IRON,  GOLD,  AND  TIN  GROUPS. 

ARGENTITE. 

In  small  grains,  associated  with  native  silver,  in  the  ores  of  Silver 
Hill,  Davidson  County,  and  the  McMakiu  mine,  in  Cabarrus  County; 
also  in  slates  of  Montgomery  County.  (Emmons.)  Found  also  at  the 
Cheek  mine,  Moore  County,  at  Higdon's  mine,  in  the  Cowee  Mountains, 
and  in  Swain  County. 

OALEKITB. 

At  Silver  Hill  sometime^,  in  highly  argentiferous,  crystalline,  bluish 
gray  masses,  also  coarsely  and  finely  granular.  In  coarse-grained 
masses  at  the  Hoover  mine  and  Boss  mine,  in  Bandolph  County,  and 
the  McMakin  mine,  Cabarrus  County ;  in  small  quantities  at  Miller's 
mine.  Baker  mine,  and  Little  John  mine,  in  Caldwell  County;  at  Pax 
HiU,  in  Burke  County;  in  Alexander  County ;  at  Cansler  &  Shuford. 
mine,  the  Asbury  mine,  the  King's  Mountain  mine,  the  Crowder's  Mount- 
ain barite  mine,  and  the  Oliver  mine,  in  Gaston  County ;  highly  aurif- 
erous and  argentiferous  galenite  occurs  at  the  Stewart  mine,  Lemmond 
mine,  Phifer  miue.  Smart  mine,  Moore  mine,  and  Crowell  mine,  and 
elsewhere  in  Cabarrus;  and  at  Long  mine  in  Union  County;  at  the 
Cheek  mine,  Moore  County;  with  copper  ores  it  is  found  at  the  Clegg's 
and  Williams's  mines,  in  Chatham  County;  the  Peach  Bottom  mine, 
in  Alleghany  County;  at  Marshall,  in  Madison  County;  with  gold  at 
Murphy,  Cherokee  County,  and  in  Lincoln,  Macon,  Swain,  and  Surry. 
Specimens  of  fine-grained  galenite  have  also  been  obtiiinedfrom  Beech 
Mountain,  in  Watauga;  on  Elk  Creek,  Wilkes  County;  and  at  the 
Steele  mine,  Montgomery  County. 

ALTAITB. 

This  exceedingly  rare  mineral  occurs  associated  with  gold,  nagya- 
gite,  galenite,  etc.,  at  King^s  Mountain  mine,  Gaston  County. 

BORKITR  OR  VARIKGATED  COPPER  ORB. 

I  have  crystalline  specimens  of  bornite  from  Guilford  County,  prob- 
ably from  the  Gardner  Hill  mine ;  it  is  of  somewhat  rare  occurrence  in 
North  Carolina,  but  has  been  found  with  other  copper  ores  at  Clegg's 
mine,  in  Chatham  County;  Marshall,  in  Madison  County;  Peacli  Bot- 
tom, Alleghany  County;  the  Gap  Creek  mine,  Ashe  County;  near 
Concord,  Cabarrus  County,  and  at  Well's  farm  in  Gaston. 
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SPHALERITE  OR  ZINC  BLENDE. 

This  mineral  occurs  in  quantities  sufBcient  for  exploitation  only  at  a 
few  mines.  The  principal  localities  are  Silver  Hill  and  Silver  Valley, 
in  Davidson  Gonnty,  and  the  McMakin  mine,  in  Oabarms  Connly, 
where  it  is  foand  associated  with  silver  ores;  associated  with  gold  ores 
at  Stewart,  Lemmond,  Long,  and  Moore  mines,  and  rarely  at  the  Union 
mine,  in  Union  County ;  in  limestone  at  Dobson's  mine.  Cedar  Gove, 
McDowell  County,  and  in  Macon  County;  in  small  quantities  with 
other  ores  at  King's  Mountain  mine  in  Gaston  County ;  at  Clayton,  in 
Johnston  County,  near  Marshall;  in  Madison  County,  and  on  Uwharie 
Eiver,  Davidson  County;  at  the  Steele  mine,  Montgomery  County;  at 
Peach  Bottom  mine,  Alleghany  County ;  Crowder's  Mountain,  Gaston 
County ;  and  the  Smart  mine,  Union  County. 

CHALCOCITE. 

This  is  also  a  copper  ore,  but  rarely  met  with  in  the  State.  The 
massive  variety  has  been  found  at  the  Ore  Knob  mine,  in  Ashe  County ; 
also  associated  with  bomite  at  Gap  Creek  mine,  Ashe  County;  the 
Waryhut  and  Wolf  Creek  mines,  in  Jackson  County ;  the  Gillis  mine, 
and  Mill  Creek  mine,  in  Person  County ;  also  at  the  Pioneer  Mills 
mine,  in  Cabarrus;  at  A.  NichoPs,  in  Swain;  and  in  Guilford  County, 
as  a  product  of  the  alteration  of  other  copper  ores  and  rarely  with  silver 
ores  at  Silver  Hill. 

TROILITB. 

Interlaminated  with  the  meteoric  iron  from  the  Black  Mountain, 
Buncombe  County,  and  in  other  meteorites,  q.  v. 

PYRRHOTITE. 

Compact  pyrrhotite  is  found  at  the  bottom  of  the  Asbury  shaft  in 
Gaston  County;  also  associated  with  cbalcopyrite  at  the  Elk  Knob 
mine,  Ashe  County,  on  East  Fork  and  West  Fork  of  Pigeon  River, 
Haywood  County,  in  Transylvania  County,  near  Hickory  in  Catawba 
County,  at  Thorn  Mountain  mine,  Macon  County,  and  in  SuiTy  and 
Wilkes  (Trap  Hill). 

SCHRE1BER6ITB  (RHABDITE). 

This  mineral,  of  meteoric  origin,  has  been  observed  in  minute  quad- 
ratic prisms  of  great  brilliancy  in  the  meteoric  iron  of  Smith's  Moun- 
tain, Eockingham  County,  and  in  less  distinct  particles  in  many  of  the 
meteoric  irons. 

PTRITE. 

Pyrite  is  one  of  the  most  common  minerals  of  North  Carolina.  It 
is  not  only  found  in  globular  and  irregularly  shaped  crystalline  masses 
iti  many  of  the  marl  beds  of  the  eastern  counties,  but  many  of  the 
^neissic  rocks  and  slates  and  the  traps  contain  it  in  considerable  quan- 
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titles,  and  besides  it  is  found  in  almost  ever^^  mine  of  the  State.  Id 
Cleveland  and  Bntherford  it  is  a  common  constitnent  of  the  feldspathic, 
slaty  gneisses,  disseminated  in  minute  grains,  and  its  ready  oxidation 
rapidly  disintegrates  the  rocks,  so  that  during  the  late  war  copperas 
was  extensively  and  cheaply  manufactured  here  by  simply  breaking 
and  heaping  the  half  decomposed  fragments  of  rock  in  hoppers,  leach 
ing  and  crystallizing.  In  the  gold  mines  the  associated  pyrite  is  gen- 
erally auriferous.  Cubical  crystals  occur  at  Hickory,  Catawba  County ; 
Asbury  mine,  Gaston  County;  Soapstone  quarry,  12  miles  northeast 
of  Statesville ;  Silver  Hill,  Gold  Hill,  and  many  other  localities.  Com- 
binations of  cubes  and  octahedra  are  found  in  Clcgg's  mine,  Chatham 
County,  and  in  the  Guilford  County  gold  and  copper  mines;  the 
pyritohedron,  often  in  combination  with  cubical  and  octahedral  planes, 
is  found  at  the  Stewart  mine,  in  Union  County ;  )ambridge  mine, 
Guilford  County ;  Long  Creek  mine,  Gaston  County ;  Budesill  mine, 
Mecklenburg  County,  etc.  Large  veins  of  compact  pyrite  occur  in 
Gaston  Coui^ty. 

CHALCOPYRITE. 

This  is  very  abundant,  and,  indeed,  is  the  only  reliable  copper  ore 
in  North  Carolina.  It  has  been  found  in  fine  crystals  at  the  Gardener 
Hill  mine,  probably  also  at  other  copper  mines  of  Guilford  County.  It 
is  very  abundant  and  largely  mined  at  Ore  Enob,  Ashe  County,  and 
promises  to  be  the  ore  of  all  the  gold  mines,  which  in  depth  change 
into  copper  mines  in  Guilford,  Cabarrus,  and  Mecklenburg  Counties ; 
also  at  the  Clegg  mine,  in  Chatham  County;  the  Conrad  Hill  and  the 
Emmons  and  other  mines  in  Davidson  County;  Peach  Bottom  and 
elsewhere,  Alleghany  County;  and  at  Gap  Creek,  Ashe  County;  New- 
lin's  mine,  Alamance  County;  in  Alexander ;  in  the  gold  mines  of  Union, 
Bowan,  and  Gaston  Counties;  at  Macpelah  Church,  in  Lincoln  County ; 
in  Granville  and  Chatham  Counties ;  near  Hillsboro ;  near  Chapel  Hill, 
Orange  County ;  near  Baleigh,  in  Wake  County;  in  Surry,  Wilkes  (Trap 
Hill),  Tadkin,  Watauga,  and  Swain  counties;  and  some  of  the  mica 
mines  of  Mitchell  County ;  the  copper  mines  of  Macon  and  Jackson 
Counties — in  more  than  thirty  counties,  and  hundreds  of  localities;  at 
many  of  them  it  is  found  associated  with  other  ores. 

BASNHARDTITK. 

A  peculiar  and  rich  copper  ore,  first  noticed  on  Daniel  Bamhardt's 
land  and  then  at  the  Pioneer  Mills  mine,  in  Cabarrus  County.  It  also 
occurs  at  the  Cambridge  mine,  in  Guilford  County ;  at  the  Wilson  mine 
and  the  McGinn  mine,  in  Mecklenburg  County ;  and  at  Elk  Enob,  Wa- 
tauga County.  The  true  barnhardtite  occurs  in  compact  masses — hav- 
ing, on  a  iresh  fracture,  a  very  pale  bronze  yellow  color,  but  rapidly 
tiirnishing  with  brownish  pinchbeck,  also  with  rose  red  and  purplish 
colors.  That  from  Bamhardt's  land  has  been  analyzed  by  W.  J.^*^- 
lor  (I),  that  from  Pioneer  Mills  by  me  (11)  aud.\>^  "P^TL^^^^t  v;>Xt\* 
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There  occurs  at  the  Pioneer  Mills,  associated  with  the  barnhardtite, 
another  copper  ore,  which  appears  to  be  nniform  in  composition  and 
does  not  look  like  a  mixture.  It  is  paler  than  copper  pyrites  and  con- 
tains, according  to  the  analyses  of  W.  J.  Taylor  (I)  and  Oharles  Froe- 
bel  (II) : 
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According  to  the  information  received  from  Dr.  Asbury,  of  Charlotte, 
this  mineral  occurs  in  Iredell  Gonnty. 


LBUCOPTRITE. 

Itlias  been  observed  by  the  late  Dr.  Asbury,  at  the  Asbury  mine,  in 
Gaston  Gonnty ;  in  nodular  masses  almost  completely  altered  into  scoro- 
dite  at  Dr.  Halyburton's,  in  Iredell  County ;  and  at  Drum's  farm,  on 
White  Plains,  Alexander  County. 

ARSENOPYRITE  OR  MI8PICKBL. 

It  occurs  sparingly  in  l^orth  Carolina,  and  has  been  observed  in  minute 
crystals,  associated  with  gold  ores,  at  the  Lemmond  and  Stewart  mines. 
Union  County,  and  at  the  Barringer  mine  and  George  Lnd wick's  mine 
in  Cabarrus  County.  It  has  been  found  by  Gen.  Glingman  in  Cleve- 
land County,  and  by  Dr.  Asbury,  at  Ore  Knob  mine  in  Ashe  County, 
the  Honeycntt  vein  at  Gold  Hill,  and  highly  auriferous  at  the  Asbury 
mine,  in  Gaston  County.  It  also  occurs  near  Cooke's  Gap,  WatAuga 
County,  in  fine  crystalline  particles,  disseminated  through  siliceous 
rock;  and,  according  to  Hidden,  at  Brindletown  (?). 

NAOYAGITE. 

This  exceedingly  rare  mineral,  which  previous  to  its  discovery  in 
l^orth  Carolina  was  known  only  from  Transly  vania,  in  Hungary,  occurs 
sparingly  in  minute  crystals  and  foliated  particles  at  the  King's  Moun- 
tain mine,  where  it  is  associated  with  altaite,  gold,  etc. 
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COVKLUTK. 

Besulting  from  the  decomposition  of  chalcopyrite  and  associated 
with  it,  covellite  occurs  at  several  of  the  North  Carolina  copper  mines, 
for  instance  at  the  Phoenix  mine,  etc.,  in  Gnilford  Goanty ;  and  in  Ane 
scales  at  the  Gillis  mine  and  Mill  Creek  mine,  in  Person  County. 

SULPHABSENIDES,  SULPHANTIMONIDES,  ETC. 

PROUSTITB  (f ). 

Microscopic  crystals  of  a  bright  aurora  red  color  occur  with  talc, 
rhodochrosite,  etc.,  at  the  Mc\Iakin  mine.  As  they  are  rich  in  silver 
they  are  probably  proustite. 

AIKINITB  OR  CUPREOUS  COSAUTB  (f). 

A  mineral  containing^  sulphur,  bismuth,  lead,  and  copper,  and  there- 
fore probably  aikiuite  or  cosalite,  has  been  observed  in  small  particles 
in  quartz  associated  with  chalcopyrite  at  Col.  White's  mine,  Cabarrus 
County. 

TKTRAHBDRITIE. 

Two  varieties  of  tetrahedrite  are  found  in  North  Carolina,  the  highly 
argentiferous  (freibergite),  in  small  compact  patches  of  subconchoidal 
fracture  and  a  dark  gray  color,  associated  with  silver,  sphalerite,  gale- 
nite,  talc,  magnesite,  etc.,  at  the  McMakin  mine,  Cabarrus  County, 
and  the  other  in  the  same  county  at  George  Lud wick's  mine,  14  miles 
northeast  of  Concord,  rarely  crystallized,  but  mostly  massive  and  of  a 
dark  lead-gray  to  iron  color.  It  is  associated  with  chalcopyrite,  scoro- 
dite,  arseniosiderite,  etc.,  in  a  quartz  vein. 

The  tetrahedrite  from  the  McMakin  mine  has  been  analyzed  by  my- 
self (I)  and  by  Mr.  J.  S.  de  Benneville  (II)  in  my  laboratory.  The  sec- 
oild  sample  was  very  pure,  and  was  collected  about  twenty  years  ago, 
and  twenty  years  after  the  first. 
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There  is  probably  an  occasional  small  admixture  of  argentlferoas 
tetrahedrite  with  the  minerals  associated  with  the  native  silver  of  Silver 
Hilly  as  they  sometimes  give  before  the  blowpipe  incrustations  of  anti- 
mony. 

COMPOUNDS  OP  CHLORINE,  ETC. 

HALITB  OB  COMMON  SALT. 

Fonnd  in  the  waters  of  the  Atlantic  Ocean,  from  which  it  can  be 
obtained  by  evaporation,  and  in  wells  and  springs  at  several  points  in 
the  Triassic  beds,  e.  g.,  in  Chatham,  Orange,  and  Rockingham  Oounties. 

CBRARGYRITB. 

In  some  of  the  gold  ores  of  Scott's  Hill,  in  Bnrke  Gonnty,  silver  is 
found  after  roasting;  a  specimen,  which  I  had  an  opportunity  to  ex- 
amine,  makes  it  probable  that  it  is  present  as  chloride  of  silver  or 
cerargyrite. 

FBRROUS  CHLORIDB. 

It  has  been  observed  in  the  meteoric  irons  from  Asheville  and  firom 
Jewel  Hill,  Madison  Gonnty,  which  are  wet  from  the  deliquescence  of 
this  salt.  In  the  Rockingham  County  iron  it  has  been  jGannd  in  the 
solid  state. 

FLUORINE  COMPOUNDS. 

FLUOKITB. 

According  to  Oen.  Glingman,  fiuorite  occurs  at  Brown  Mountain, 
Burke  County;  also  in  Watauga;  with  barite  and  hematite  below  Mar- 
shall, Madison  County,  and  at  King's  Mountain,  Gaston  County.  In 
pseudomorphs  after  apatite  rarely  at  Ray's  mine,  Tancey  County. 

YTTROCKRITE  (T). 

A  few  minute,  deep  violet-blue  spots  were  observed  in  association 
with  pyrochlore,  black  tourmaline,  orthoclase,  quartz,  etc.,  at  Ray's 
mica  mine.  Hurricane  Mountain,  Tancey  County,  which  are  probably 
yttrocerite. 

OXYGEN    COMPOUNDS. 
OXIDES. 
CUPRITE. 

Cuprite  or  the  red  oxide  of  copper  occurs  near  the  surface  in  some  of 
the  copper  mines.  It  is  rarely  found  in  small  cubical  crystals  at  CuUen's 
mine  and  in  octahedra  upon  native  copper  at  the  Union  Company  copper 
mine  in  Cabarrus  County.    It  has  been  observed  at  Clegg's  mine,  Ghat- 
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ham  Gottnty;  at  Silver  Hill,  at  the  Harris  miney  in  Person  Goanty;  in 
Galdwell,  Lincoln,  Alleghany,  and  Ashe  Counties,  and  upon  the  gossan 
of  the  Waryhut  mine,  Jackson  County.  At  the  McGinn  mine,  in  Meck- 
lenburg County,  and  several  of  the  Guilford  County  copper  mines,  cuprite 
in  acicular  and  capillary  crystals  ^so-called  chalcotrichite)  was  formerly 
found  in  beautiful  specimens. 

HELACOinTB. 

It  is  found  occasionally  as  a  black  coating  or  a  powder  associated  with 
cuprite  at  the  McGinn  mine,  and  with  zincblende,  etc.,  sparingly  at  Silver 
Hill;  also  at  Cullowhee  mine,  Jackson  County. 

CORUNDUM. 

One  of  the  most  interesting  minerals,  which  occurs  in  the  Slate  of 
North  Carolina  in  a  great  many  varieties,  is  corundum.  In  was  first 
noticed  when,  in  the  spring  of  1847,  a  large  mass  of  a  dark  blue  cleav- 
able  variety  was  found  3  miles  below  Marshall,  in  Madison  County. 
Gen.  Clingman's  attention  having  been  called  to  it,  he  searched  for 
more,  and  obtained  in  1843  a  second  piece  of  about  half  the  size.  It 
bas  since  been  found  2^  miles  north  of  Marshall,  at  Haynie's,  associated 
with  margarite  and  rutile.  It  was  afterward  found  by  Dr.  C.  L.  Hunter, 
in  small  quantity,  in  reddish  and  bluish  masses,  sometimes  crystallized, 
at  Crowder's  Mountain,  and  afterward  at  Clubb's  Mountain  and  King's 
Mountain,  Gaston  County.  About  20  years  ago  large  beds  of  corundum 
were  discovered  by  Hiram  Crisp,  near  Franklin,  in  Macon  County,  at 
Culsagee  or  Corundum  Hill.  Here  it  is  from  10  to  14  feet  thick,  em- 
bedded in  prochlorite,  between  chrysolite  and  hornblendic  gneiss.  The 
corundum  itself  presents  many  varieties.  Beautiful  hexagonal  pyramids 
with  basal  and  rhombohedral  planes  and  of  many  shades  of  color,  from 
almost  colorless  to  yellow  and  deep  red,  rarely  to  green,  have  been  found. 
Some  of  the  crystals  are  very  large,  one,  for  instance,  measured  5  feet 

m 

2  inches  in  length.  Usually  it  occurs  massive,  often  in  large  cleavage 
masses,  frequently  of  variable  colors;  some  are  red  and  serai  transparent 
and  in  small  fragments  even  transparent  and  form  a  fair  ruby;  other 
specimens  of  reddish  or  gray  corundum  have  disseminated  through  the 
mass  the  most  beautifully  colored  azure-blue  sapphire.  Unfortunately 
the  particles  of  the  red  and  blue  are  usually  too  small  to  have  any  value 
as  gems.  A  very  peculiar  variety  is  that  consisting  of  white  and  blue 
bauds.  At  this  locality  corundum  is  associated  with  prochlorite,  black 
and  greenish  black  spinel,  tourmaline,  small  quantities  of  rutile,  etc., 
and  where  it  occurs  in  the  mica  schist,  with  muscovite  and  margarite. 
Other  localities  in  Macon  County  where  corundum  is  mined  a'e 
Jacob's  and  Haskett's  mines,  on  Ellijay  Creek,  and  at  Kobinson's  mine, 
on  Sugartown  Fork.  It  is  also  found  at  Houston's  mine,  and  at  Moore 
&  Higdon's.  At  West's  mine  *'rnby  "  corundum  occurs  in  small,  irreg- 
ular crystals  and  crystalline  masses  associated  vr\t\i  <^^9»a\V/^« 
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At  the  Hogback  mine,  ia  Jackson  Gounty,  corandnm  associated  with 
mnscovite,  margarite,  and  toormaline  is  embedded  in  chlorite.  At  the 
hanging  wall  feldspar  with  crystals  of  corandnm  is  met  with.  A  small 
qnautity,  not  exceeding  a  few  ounces,  of  comndnm  has  been  foand  near 
the  chrysolite  ontcrop  at  Webster,  Jackson  Oonnty,  and  also  on  Scott's 
Greek.  At  Gnllakenee  mine,  in  Glay  Gonnty,  a  grayish  white  and  bine 
corundum  is  found  associated  with  margarite,  zoisite,  actinolite,  etc., 
and  a  red  variety,  sometimes  of  a  deep  ruby  color,  associated  with  zoi- 
site, smaragdite,  cyanite,  and  a  feldspar. 

At  Peuland's,  on  Shooting  Greek,  in  Glay  Gounty,  corundum  is  found 
associated  with  margarite  and  willcoxite.  It  also  occurs  in  Gherokee 
Gounty,  on  Valley  Biver. 

In  Haywood  Gounty,  2  miles  northeast  of  the  Pigeon  Biver,  where 
the  Asheville  road  crosses  it  near  a  serpentine  outcrop,  a  small  quantity 
of  corundum  has  been  found,  also  on  the  west  fork  of  Pigeon.  About  2 
miles  north  of  this  is  located  the  Presley  mine,  which  has  furnished  the 
most  beautiful  specimens  of  blue  and  grayish  blue  corundum  largely 
altered  into  muscovite  and  albite. 

About  20  miles  northeast  of  this  mine,  in  Madison  Gounty,  is  the 
Garter  mine,  which  yields  a  white  and  pink  variety  of  corundum,  both 
in  crystals  and  laminated  masses.  It  is  associated  with  greenish  black 
spinel  and  prochlorite,  Yery  rarely  crystals  of  asteriated  sapphire, 
implanted  on  a  micaceous  rock,  are  found  at  this  locality. 

Gornudum  is  found  also  in  Mitehell  Gounty,  near  Bakersville,  in 
chrysolite. 

In  the  broad-bladed  cyanite  of  Wilkes  Gounty,  corundum  is  met  with 
in  small  reddish  brown  particles,  and  in  the  cyanite  of  the  Swannanoa 
Gap,  in  Buncombe  Gounty,  blue,  bluish,  white,  and  reddish  corundum. 
Also  at  K.  P.  Watkins's,  in  the  same  county. 

It  is  found  in  the  gravel  2  miles  west  of  Statesville,  in  Iredell 
Gounty,  associated  with  cyanite,  but  rarely  imbedded  in  it.  Highly 
interesting  crystals  and  crystalline  masses  of  grayish  white  corundum 
more  or  less  altered  into  muscovite  and  tourmaline  have  lately  been 
found  by  Mr.  J.  A.D.  Stephenson,  at  Belf  s  Bridge,  and  beautiful  hexa- 
gonal prisms  of  a  pale  brownish  corundum,  with  a  partial  alteration 
into  soda  margarite,  at  Hendrick's  farm  near  Belt's  Bridge,  Iredell 
Gounty. 

Above  Lock's  Bridge,  on  the  south  side  of  the  South  Yadkin  Biver, 
red  corundum  occurs  largely  altered  into  greenish  fibrous  and  compact 
muscovite;  at  the  Ghipley  Farm  and  Austin's  Farm,  3^  miles  above 
Lock's  Bridge,  gray  corundum  partly  altered  into  margarite;  at  Liberty 
Hill,  3  miles  above  Austin's  Farm,  it  is  altered  into  margarite  and  pro- 
chlorite ;  and  at  Hunting  Greek,  north  of  Statesville,  blue  corundum  is 
partly  altered  into  the  rhaetizite — variety  of  cyanite. 

Grystals  of  corundum  surrounded  by  fibrolite  occur  at  Shoup's 
Ford  in  Burke  Gounty,  and  Hidden  reports  corundum  of  three  colors, 
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inclading  the  ^^raby"  variety,  from  Brindletown.  It  is  also  reported 
from  Stokes  County.  la  the  neighborhood  of  Morganton  corundum  is 
found  in  muscovite  schist,  and  in  the  gravel  deposits  of  Burke,  Mc- 
Dowell, and  Rutherford  Gounties  small  grains  and  crystals,  often  partly 
altered  into  muscovite,  are  frequently  met  with.  The  granular  variety 
of  corundum,  "  emery,"  has  been  observed  at  Growder's  Mountain  and 
also  in  the  titaniferous  iron  ore  belt  near  Friendship,  Guilford  Gounty. 
At  Brackettstown,  McDowell  Gounty,  massive  grayish  white  corun- 
dum has  been  found,  and  in  Mitchell  Gounty,  at  Plum  Tree  Greek,  well 
developed  crystals  of  a  brownish  color.  Barely  small  remnants  of 
corundum  are  found  in  the  pyrophyllite  slates  of  Ghatham  Gounty. 
The  associated  minerals  of  corundum  are  mostly  the  result  of  the  al- 
teration of  corundum,  which  latter  has  furnished  the  alumina  neces- 
sary for  their  formation. 

HKMATITB.  ' 

Bed  oxide  of  iron  or  hematite  is  one  of  the  most  import<ant  iron  ores 
of  North  Carolina.  The  compact  ore,  sometimes  more  or  less  mixed 
with  the  specular  variety,  forms  large  beds  in  Chatham  Gonnty,  at 
Evans's  and  Kelley's  ore  beds,  Ore  Hill,  Bnckhorn,  etc.^  also  in  Moore 
Gounty,  12  miles  east  of  Carthage,  in  Orange  County,  at  Chapel  Hill, 
6  miles  south  of  Hillsboro;  and  at  J.  Woods's,  Enap  of  Beeds;  and 
in  Macon,  Swain,  Buncombe,  and  many  other  counties.  Foliated  and 
micaceous  hematite  occurs  at  Buckhorn,  Ore  Hill,  7  miles  west  of  Lock- 
ville,  in  Chatham  County;  Snow  Creek,  Stokes  County;  4  miles  south 
of  Salem,  in  Forsyth  County;  at  Mount  Tirzah,  in  Person  Gounty; 
near  Gudgcr's,  9  miles  below  Marshall,  on  the  French  Broad  Biver, 
and  near  Franklinville,  Bandolph  County,  and  elsewhere.  A  very 
flue  variety  of  slaty  hematite  with  crystals  of  magnetite  is  found  at 
Cooke's  Gap,  Watauga  Gounty;  and  both  here  and  at  Bichlands,  in 
Caldwell  Gounty,  and  near  Fisher's  Peak,  in  Surry  Gounty,  martite 
occurs.  Other  localities  are:  Smith's  Biver,  2  miles  east  of  Morehead's 
factory,  in  Bockingham  Gounty;  a  granular  variety  1  mile  east  of  Gas- 
ton, at  House's  mill,  Cabarrus  Gounty;  at  Hickory,  Catawba  Gounty; 
in  Lincoln,  Gaston,  and  Mecklenburg  Gounties,  etc.  The  ocherous 
variety  has  been  observed  in  Buncombe  Gounty,  4  or  5  miles  west  of 
Asheville,  at  Valley  Town,  on  Peachtree  Greek,  Cherokee  Gonnty,  and 
in  a  great/  many  gold  mines.  Hexagonal  scales  of  hematite  in  crystals 
of  quartz  occur  at  King's  mill,  Iredell  Gounty. 

MBNAGCAIOTB. 

Many  of  the  titaniferous  iron  ores  are  mixtures  of  true  magnetite  and 
menaccanite,  others  belong  to  this  species,  and  others  again  are  really 
magnetites,  in  which  a  portion  of  the  iron  is  replaced  by  titanium. 
Our  present  knowledge  of  these  ores  is  too  limited  to  put  all  the  varier 
ties  occurring  in  the  State  with  certainty  in  the  pVaoe  \T\i<es^\2ti^l\^^'c^^« 
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Those  from  the  following  localities  appear  to  beloug  under  this  head: 
Franklin,  in  Macon  County;  Big  Laurel,  in  Madison  County;  on  Ivy, 
Yancey  County;  Crab  Orchard ,  Cane  ("reek,  Flat  Bock,  and  Grassy 
Creek,  in  Mitchell  County;  Damascus,  Iredell  County;  Old  Harris 
mine,  12  miles  southeast  of  Charlotte,  south  end  of  Crowder's  Moun- 
tain, and  at  Wills's,  Gaston  County ;  Yadkin  Biver,  near  Patterson,  in 
Caldwell  County,  and  the  neighborhood  of  Baleigh.  Menaccanite  in 
quartz  occurs  at  Fisher  Hill,  Guilford  County.  Iserite  is  frequent  in 
the  gold  sands  of-  Eutheribrd,  Burke,  and  McDowell  Counties,  etc 
Menaccanite  also  occurs  at  Shoup's  Ford,  Burke  County ;  at  Huffman's, 
Catawba  County;  at  Culsagee, -Macon  County;  at  Haynie's,  Madison 
County,  and  in  Person,  Watauga,  and  Lincoln  Counties. 

Associated  with  oligoclase,  forming  cross  fissures  in  the  corundum 
vein  at  the  Carter's  mine  occur  two  varieties  of  menaccanite  (ilmeuite): 
(1)  of  a  brownish  black  color  with  a  somewhat  purplish  hue,  in  small 
masses  with  indistinct  crystalline  structure  and  basal  cleavage;  (2)  in 
rounded  nodules,  1^  to  2  inches  in  diameter,  irregular  shape,  very 
fragile,  and  breaking  into  small  fragments  without  regular  form,  and  a 
subconchoidal  fracture,  resembling  the  slag-like  magnetite  from  Unkil 
on  the  Bhine.  l^either  variety  is  magnetic.  Mr.  Harry  F.  Keller  has 
analyzed  them  (1)  and  (II).  I  have  also  analyzed  a  variety  of  black, 
somewhat  granular  menaccanite  (ilmeuite)  from  near  Franklin,  Macon 
County  (in) : 
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IL 
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SD.    ffT......... ...>...... ....a a.... ........ ..-. 

4«7 

4-68 

Titanic  oxide 

62-73 
8-08 

38-08 
5-83 
014 

52-64 
1007 

31-n 

5-83 

48-81 
978 

40-22 
1-38 

Ferric  oxide ....•..••.••>>>•....•..•.....' 

feiToui  oixide......  .•>.-.....••••.......>.... . 

Magneiia... ......••....••. 

Silica 

99-36 

9915 

100  00 

Menaccanite  is  also  named  by  Hidden  among  the  minerals  occurring 
at  Brindletown. 

BPINBL. 

The  only  spinel  which  has  been  found  in  Korth  Carolina  is  that 
which  results  from  the  alteration  of  corundum,  and  it  is  usually  a  mix- 
ture, in  variable  proportions,  of  the  varieties  pleonasto  and  hercynite, 
sometimes  with  an  admixture  of  that  called  picotite.  In  the  chlorites 
of  the  Culsagee  mine  it  is  found  in  octahedral  crystals  with  dodecalie- 
dral  planes,  but  usually  massive,  coarsely  to  finely  granular.  Its  color 
is  black,  but  by  an  incipient  alteration  on  the  surface  it  generally 
becomes  of  a  peculiar  greenish  gray  color  and  satin-like  luster.  Some 
varieties  are  blackish  green,  but  so  dark  that  the  green  can  be  observed 
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only  in  tbin  splinters;  it  is  rarely  foand  at  the  Gullakeiire  mine  in 
Olay  County,  but  frequently  met  with  at  the  Garter  mine  in  Madison 
County,  where  it  is  mostly  of  a  very  dark  green  color.  Several  vari  ties 
from  the  Gulsagee  mine  have  been  analyzed.  (I)  A  fine  grained  vari- 
ety of  3-766  sp.  gr.,  by  G.  A.  Koenig;  (II)  a  coarser  grained  variety  of 
3*797  sp.  gr.,  by  the  same;  and  (III)  the  coarsegrained  crystallized  dark 
green,  of  3*695  sp.  gr.,  by  myself.  IV  is  an  analysis  of  a  greenish  black 
spinel  from  the  Gart45r  mine,  sp.  gr.  3*77,  made  by  Mr.  J.  Si  de  Benne- 
ville  in  my  laboratory.  In  I,  II,  and  III  some  mechanical  admixtures 
have  been  deducted : 


Alamina 

Cbromio  oxide. 
Ferric  oxide  — 
Ferroos  oxide .. 

MftgneeiA 

Caprio  oxide...., 
Nickeloiu  oxide 


I. 


54*32 
3  96 
11-51 
1116 
1905 


100-00 


II. 


56-68 

2-28 

9-66 

14-60 

16-88 


100  00 


III. 


66-63 

trace 

1-80 

11-35 

19-86 

Oil 

0-25 


100-00 


IV. 


67-54 


13-38 
18*62 


99-54 


Black  octahedral  crystals  of  vitreous  luster  from  the  Tibbets  mine,  in 
Macon  County,  are  probably  pleonaste. 

GAHNITE. 

Oahnite,  or  automolite,  is  mentioned  by  Oen.  Clingman  as  occurring 
in  Clevelanil  County;  also  in  Mitchell  County,  at  the  Deake  mine, 
where  it  occurs  in  small,  compact,  dark  green  masses,  in  part  altered 
into  and  surrounded  by  fibrous  muscovite. 

I  have  made  an  examination  of  it  and  found : 

Copper  oxide 0*30 

Zinc  oxide 38-05 

Manganese  oxide 0*29 

Magnesia 0*79 

FerroQs  oxide 1*14 

Ferric  oxide 4*50 

Alamina 54*86 


99*93 


Sp.gr..  4-576 


MA6N1STITE. 


This  is  the  most  abundant  and  most  valuable  iron  ore  in  North 
Carolina.  It  occurs  in  small  octahedral  crystals  in  the  granite  at  Dunn's 
Mountain,  in  Rowan,  and  in  the  granites  and  gneisses  and  (especially) 
the  syenites  very  commonly  in  many  counties,  and  in  the  slates  at 
Fisher's  Peake  and  Chestnut  Mountain,  in  Surry  County ;  also  at  Bull's 
Head,  in  Alleghany  County,  in  quartzose  sandrock  and  hematite  eit 
Cooke's  Gap,  Watauga  County;  at  Capp'sRiW,  iTiT&eOs\«o^^\a%^wv\iXi^ 
Bull  74 3 
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and  Fisher  Hill,  in  Guilford.  It  occurs  in  its  granular  variety,  mixed 
with  muscovite,  mangauiferous  garnet,  etc.,  at  Buckhorn,  in  Gfaatfaam 
County,  and  mixed  with  menaccanite  and  occasionally  with  cornndnm, 
in  a  succession  of  beds,  passing  thi*ough  the  gneissic  rocks  of  David- 
son, Guilford,  Forsyth,  and  Rockingham  Counties.  There  appear  to  be 
several  isolated  outcrops  northwest  of  this  band  and  between  it  and  the 
Dan  Bi ver,  and  also  in  Randolph  and  Montgomery  Counties.  A  band  of 
granular  magnetite,  free  from  titanic  acid,  mixed  with  actinolite,  tremo- 
lite,  and  a  little  epidote,  passes  from  near  Danbury  in  Stokes  County, 
and  also  from  Surry  County,  through  Yadkin,  Forsyth,  Davie,  Lincoln, 
^  and  Gaston  Counties.  It  contains  some  of  the  most  valuable  ore  beds. 
It  is  also  found  in  large  beds  near  Kewton,  in  Catawba  Count^^;  at 
Comb's  farm.  Summer's  farm,  and  Thomas  Payne's  farm,  in  Iredell 
County;  also  in  Orange,  Mecklenburg,  and  Cabarrus  Counties.  Some 
very  valuable  ore  beds  of  crystalline  magnetite  occur  in  Swain,  Madi- 
son, Macon,  Haywood,  Burke,  Alexander,  Wilkes,  Orange,  Mitchell,  and 
other  counties,  the  most  extensive  probably  at  Cranberry.  A  granular 
ore,  similar  to  the  ores  of  Surry  County,  has  been  worked  at  the  north 
fork  of  New  River,  near  the  mouth  of  Helton  Creek,  and  on  Horse 
Creek,  in  Ashe  County.  There  are  many  other  localities  in  which  mag- 
netite occurs,  but  they  are  of  less  importance  than  those  enumerated. 

CHROMITB. 

Occurs  in  the  chrysolite  beds,  which  form  lenticular  masses  in  the 
hornblende  slates,  etc.;  in  minute  octahedral  crystals  and  granular 
masses  at  Culsagee ;  also  at  Higdou's,  EUijay's  Creek,  and  at  Moore's 
mine,  in  Macon  County;  near  Webster,  at  Hogback,  at  Ainslie's, 
and  on  Scott's  Creek,  in  Jackson  County ;  on  Mining  Creek,  near  Hamp- 
ton's, in  Yancey  County ;  at  Cnllakenee,  in  Clay  County ;  Carter's  mine, 
in  Madison  County ;  in  small  quantities  near  Bakersville,  Mitchell 
County ;  on  South  Toe  River,  on  Rich  Mountain,  Watauga  County, 
and  in  Ashe  County.  Where  it  is  found  in  abundance,  it  may  become 
a  valuable  ore  when  it  can  be  brought  to  market  at  a  low  freight.  A 
small  admixture  of  chromite  is  found  in  the  titaniferous  magnetite  belt 
of  Guilford,  Rockingham,  and  other  counties.  Crystals  of  chromite  are 
frequently  met  with  in  the  gold  sands  of  Burke,  McDowell,  Ruther- 
ford, etc. 

The  analysis  which  I  have  made  of  a  compact  variety  of  chromite 
from  near  Franklin,  Macon  County,  gave : 

Chromio  oxide 44*15 

Alamina 22'41 

Ferrio  oxide 5*78 

Ferrous  oxide 11*76 

Magnesia 15'67 

99-77 
Sp.  gr.,  4*319. 
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The  pare  octahedral  crystals  of  chromite  washed  oat  of  gravel  at 
Galsagee,  Macon  Ooaaty,  have  beea  analyzed  iu  my  laboratory  by  Mr.  J. 
S.  de  Beuneville.  Sp.  gr.  4*79.  Deducting  2*70  per  cent  of  silica,  the 
mineral  contains : 

Chromic  oxide 56*60 

Alumina 5*3l 

Ferricoxide 10-98 

Ferrous  oxide 19*91 

Magnesia 7*20 

100*00 

CASSmCRlTE. 

Found  in  1882,  near  King's  Monntain,  Gaston  Goanty,  by  Mr.  B.  T. 
Glay  well.  It  was  first  recognized  as  cassiterite  by  Hidden,  and  the 
mineral  was  afterward  more  fully  investigated  by  Prof.  G.  W.  Dabney, 
jr.  It  generally  occurs  in  irregular  cry ptocrystalline  and  massive  lumps 
of  a  dark  brown  color,  but  also  in  many  shades  from  colorless  to  black. 
The  largest  piece  yet  found  weighed  about  14  ounces.  Specific  gravity, 
6*G  to  6*9.  According  to  Hidden,  the  ore  is  sparsely  disseminated  over 
a  very  considerable  area  in  and  about  King's  Mountain  Village,  but  no 
paying  deposits  have  yet  been  discovered.  Analyses  by  Dr.  Dabney 
gave  for  two  varieties: 


Stannio  oxide 

Tan^tio  oxide 

Sulphur 

Arsenic 

Iron  and  manganeae  oxides 
SUioa 

Metallic  tin 


Lij^ht 
grayish. 

Dark 
brown. 

M-70 

82-99 

092 

1*14 

trace 

0-4« 

trace 

trace 

undet 

undet 

1-76 

2-36 

97-38 

86-95 

74-41 

65-21 

UBANINITB, 

It  was  found  by  Prof.  Kerr  at  the  Flat  Bock  mine,  Mitchell  Gounty, 
in  1877,  in  small  nodules  of  gummite  and  uranotil,  forming  the  nucleus 
of  these  minerals,  both  of  which  are  resulting  from  its  deoompositiou. 
It  has  since  been  found  at  one  or  two  other  mines  iu  Mitchell,  especially 
at  the  Deake  mine,  in  cubes  aud  cubo-octahedrons,  of  sp.  gr.  8*968  to 
9*218;  color,  iron-black  to  brownish,  according  to  the  extent  of  the 
alteration.    The  uraninite  from  the  Flat  Bock  mine  has  lately  been 
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analyzed  by  W.  F.  Hillebraod  in  tlie  laboratory  of  the  C  S.  Geological 
Sarvey,  as  follows: 

U ran ic  oxide ^-83 

Uranoas  oxide 39*31 

Tfaoria 2-78 

Ceroiu  oxide 0-26 

Lanthanaand  didymia 0-50 

Erbia  and  yttria 0*20 

Lead  oxide 4-20 

FeTTOOn  oxide trace 

Lime - 0*85 

Ma^esiaaDd  alkalies 0*30 

Water 1-21 

Silica PW 

PhoBpboric  acid f 

Nitrogen 0-37 

Insoloble 010 


100-99 
Sp.  gr.,  9086. 

The  material,  which  was  received  from  Mr.  W,  E.  Hidden,  was 
slightly  altered,  coutaiuing  minute  crevices  filled  with  gummite. 

RUTILB. 

In  beantifal  crystals  at  Crowder's  and  Clnbb's  Mountains,  Gaston 
County;  also  granular  at  the  same  localities ;  rarely  in  SDiall  grains  or 
crystals  with  the  corun<lum  of  the  Gulsagee  mine  in  Macon  County 
and  the  Hogback  mine  in  Jackson  County;  in  acicular  crystals,  some- 
times over  1  inch  in  length,  near  Beattie's  Ford,  Mecklenburg  County; 
in  long  crystals  in  quartz  on  a  hill  near  Buckhorn  Falls,  in  Chntliam 
County,  at  the  head  of  Cane  Creek,  Mitchell  County;  in  beautiful 
acicular  crystals  at  Mrs.  Daniel's  farm  near  Mount  Pisgah,  at  ^Irs. 
Jordan's  near  King's  mill,  at  Alex.  Lackley's,  Misses  Bennett's,  Thomas 
Adams's,  and  Mrs.  Smith's  farm,  all  in  Iredell  County;  acicular  crys- 
tals in  limonite  and  quartz  on  John  Lackey's  farm  near  Liberty  Church, 
and  Wilson's  near  Poplar  Springs;  genicnlated  crystals  at  White 
Plains,  at  Crouch's,  and  at  Milhollaud's  mills,  all  in  Alexander  County. 
The  first-named  locality  furnishes  the  most  magnificent  crystals,  some- 
times 3  or  4  inches  in  length,  fully  developed,  with  numerous  brilliant 
planes,  often  geniculaled  and  transparent,  with  a  beautiful  red  color. 
Accordiug  to  Hidden,  Alexander  County  must  be  credited  with  having 
produced  the  most  beautiful  rutile  crystals  known  to  science.    He  says: 

Ratilo  is  found  there  in  a  similar  situation  to  the  gems  and  qnartz  crystals,  i.  e., 
in  open  pockets;  in  fact,  it  is  found  intimately  associated  with  and  implanted  upon 
the  gems,  and  often  preponderates  over  all  the  other  crystal  contents.  The  particu- 
lar points  of  difference  over  the  same  product  from  other  regions  are  their  mode  of 
occurrence,  beautiful  natural  polish,  and  crystallographic  features.  Their  color  ranges 
from  jet  black  to  clear  ruby  red  aud  pale  yellow.  They  range  from  those  of  minute 
aizea  to  rare  examples  3  inches  long  and  one-half  inch  diameter.    Their  luster  in  same 
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cases  approaches  that  of  polished  steel.  Gems  have  been  cut  from  the  most  solid 
crystals  and  the  resalt  compares  favorably  with  the  rare  black  diamonds  from  Brazil, 
Only  experts  conld  tell  them  apart. 

Curiously  jointed,  mitered,  and  reticnlated  crystals  and  also  masses  of  crystals  thus 
nnited  have  been  commonly  met  with  ;  all  of  which  are  found  1.0  follow  certain  arbi- 
tary  twinning  laws  and  are  not  accidentally  brought  together  into  such  strange  shapes 
as  a  cursory  examination  might  seem  to  indicate. 

This  description  applies  in  particular  to  crystals  found  in  or  near 
the  emerald  and  hiddenite  mine.  Rutile  is  also  abundant  in  coarse 
crystals  near  Bryson  City,  Swain  County  j  in  acicular  crystals  in  brown- 
ish ametbyst,  at  the  he^vd  of  Honey  Creek,  Wilkes  County ;  in  dark, 
almost  black,  crystals  in  Clay  County;  in  quartz  in  Yancey  County; 
in  small  grains  and  crystals  in  the  gold  sands  of  Burke,  McDowell, 
liutherford,  and  Polk  Counties ;  acicular  crystals  in  quartz  at  Dietz's, 
Yan  Horn's,  and  HiUlebrand's,  and  in  large  crystals  also  at  the  latter 
point,  Burke  County ;  in  large  crystals  at  E.  Balch's,  H.  Balch's,  Widow 
Balch's,  Huffman's,  and  D.  Lutz's,  and  in  amethyst  at  the  last  two 
points — all  in  Catawba  County ;  in  amethyst  in  Cabarrus  near  Con- 
cordf  and  in  Randolph  near  Pilot  Mountain ;  penetrating  corundum 
near  Bakersville,  Mitchell  County ;  at  Kay's  mine,  and  elsewhere  in 
Yancey  County ;  in  reticulated  acicular  crystals  in  the  northwest  cor- 
ner of  Lincoln  County  (Hunter). 

Under  the  name  of  edisonite.  Hidden  describes  a  supposed  fourth 
form  of  titanic  oxide  from  the  Whistnaut  gold  mine  in  Polk  County. 
It  has  been  shown  by  MUgge  to  be  only  a  variety  of  rutile. 

AXATASB. 

Anatase  has  been  found  in  small,  brilliant,  tabular  crystals,  in  the 
gold  sands  of  Burke  County,  by  myself  and  Mr.  Bidden.  The  latter 
also  reports  it  from  Alexander  County,  in  quartz,  and  from  McDowell 
and  Butherford  Counties.  At  Brindletown,  in  Burke  County,  the  crys- 
tals were  of  unusual  size;  some  were  highly  modified,  and  a  few  were 
transparent  and  glassy,  and  of  a  pale  green  or  blue  color. 

BROOKITE. 

In  the  gold  sands  of  Butherford,  McDowell,  and  Burke  Counties, 
brookite  occurs  in  small,  short,  slender,  rhombic  prisms.  At  Brindle- 
town Hidden  found  it  varying  in  color  from  dull  yellow  to  brown,  a  few 
crystals^being  of  a  fine  red  with  highly  modified  terminations. 

pYROLusrrs. 

It  is  found  near  Murphy,  Cherokee  County;  also  2  miles  north  of 
Hickory,  Catawba  Couuty,  ajid  with  silver  ores  at  the  McMakin  mine, 
Cabarrus  County;  also  in  tine  crystalline  masses  at  Beck's  ore  bank,  3 
miles  from  Ellison's  ore  bank,  Gaston  County;  near  I)anbury,  Stokea 
County;  near  Webster,  Jackson  County;  iu  Suirj  Oo\x\iX^^iOL^»2t\^Osi- 
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son;  and  in  Alexander,  Swaiu,  and  Mitchell.    No  large  deposits  bave 
yet  been  disoovered  in  North  Oarolina. 

BRAUNITB  (f). 

Fonnd  in  quartz  near  Hillsboro,  Orange  Connty.    E. 

HAU6MANXITE  (f). 

Recently  reported  from  near  Dobson,  Surry  Gounty,  by  H.  G.  Lewis; 
and  it  also  occurs  in  Ghatham.    E. 

DIA8POBE. 

Gton.  Glingman  observed  this  rare  mineral  associated  with  bine 
corundum  from  near  Marshall,  Madison  Gounty.  I  have  not  been  able 
to  distinguish  it  with  certainty  from  any  other  of  the  corundum  locali- 
ties, but  it  was  observed  in  very  minute  but  beautiful  acicular  crystals 
of  the  usual  form  in  a  cavity  of  massive  corundum  from  Gulsagee,  by 
John  G.  Trautwine,  of  Philadelphia. 

GOETHITB  AND  LIMONITE. 

I  put  these  two  species  of  hydrated  sesquioxide  of  iron  together,  as 
without  fuller  examination  it  is  impossible  to  distinguish  the  majority 
of  the  specimens.  Large  beds  of  hydrated  sesquioxide  of  iron  are 
found  at  Ore  Hill  and  elsewhere  in  Ghatham  Gounty,  and  in  Johnston, 
5  miles  west  and  northwest  of  Smithiield;  near  the  High  Shoals,  in 
Gaston  Gounty;  in  Lincoln  and  Gatawba  Gounties;  near  Murphy  and 
along  Valley  River  and  Notteley,  in  Gherokee;  in  Mitchell,  Buncombe, 
Watauga,  McDowell,  Burke,  Galdwell,  Alexander,  Wilkes,  Surry,  Hay- 
wood, Macon,  Henderson,  Transylvania,  Davidson,  Wake,  and  other 
counties;  and  superficial  beds  of  it  are  also  frequently  found  in  the 
eastern  counties — Nash,  New  Hanover,  Pender,  Jones,  Duplin,  etc. 
Brown  hematites  accompany  in  small  quantities  many  of  the  magnetite 
and  hematite  beds,  and  form  the  upper  part  of  many  of  the  gold  and 
copper  mines ;  they  are  often  the  result  of  the  alteration  of  siderite  and 
pyrite,  and  show  frequently  the  form  of  the  original  mineral:  for  in- 
stance, at  Gonrad  Hill,  in  Davidson  Gounty;  Gabarrus  Gounty,  Guil- 
ford Gounty,  Oaston  Gounty,  and  at  Beam's  farm,  near  Genter  Point, 
Iredell  Gounty. 

GUHHITB. 

Discovered  by  Prof.  Kerr  in  1877,  at  Flat  Rock,  Mitchell  Gounty. 
Sometimes  found  in  distinct  cubical  crystals  with  octahedral  planes, 
usually  in  amorphous,  compact,  nodular  masses  of  a  faint  resinous 
luster  and  of  shades  between  reddish  yellow  and  deep  orange  red. 
Fracture  uneven  to  subconchoidal.  Sp.  gr.  4-840.  The  mean  of  three 
analyses  which  I  have  made  gives  its  composition  as  follows: 
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Silica 4-63 

Alumina 0-53 

Baryta 098 

Strontia 005 

Lime 2*05 

Plorobio  oxide 5*57 

Uranio  oxide 75*20 

Phosphoric  acid 0*12 

Water 10-54 

99-77 

These  analyses  show  that  the  so-called  gunimite  is  not  a  distinct  min- 
eral species  but  a  mechanical  mixture,  tbe  North  Carolina  variety 
being — 

Per  cent. 

Uranic  hydrate 4010 

Uranotil 33-38 

Lead  nranate 22-66 

Barium  uranate 4*26 

100-40 

Results  from  the  alteration  of  uraninite.  Found  also  at  the  Deake 
and  Lewis  mines,  Mitchell  County.  A  similar  mineral  is  found  in  small 
quantity  at  Buchanan  miue,  Mitchell  County. 

The  largest  mass  of  gummite  with  uraninite  found  in  the  State 
weighed  6  pounds  6  ounces.  The  nodules  often  contain  black  urani- 
nite at  the  center. 

PSILOMKLANS. 

It  is  often  an  associate  of  gold  and  iron  ores  in  coatings  of  the  quartz 
at  Scott's  Hill,  Burke  County,  together  with  pyrolusite  at  Beck's  ore 
bank,  on  the  High  Shoals,  Oaston  County,  and  in  bptryoidal  masses  in 
a  vein,  said  to  be  4  feet  wide,  near  Lenoir,  in  Caldwell  County,  near 
BakersviUe,  at  Gillespie's  Gap,  in  Mitchell  Gouuty,  on  Cove  Creek,  and 
Bichmoud  Creek,  Haywood  County,  and  at  Buckhorn  in  Chatham.  In 
Oaston  County  at  the  Loug  Creek  mine,  on  Cross  Mountain,  Ormond 
ore  bank,  etc.,  a  variety  occurs,  which  contains  a  small  quantity  of 
cobalt  and  nickel.    Also  found  in  McDowell  and  Lincoln  Counties. 


WAD. 

There  is  often  an  imperceptible  change  from  pyrolusite  into  psiiome- 
lane  and  \^ad,  so  that,  without  analysis,  it  is  often  difficult  to  know  to 
which  a  specimen  may  belong.  The  earthy  varieties  are  generally 
called  wad.  A  brownish  black,  earthy  wad  occurs  near  Murphy,  Chero- 
kee County,  also  near  Franklin,  in  Macon  County,  and  Webster,  in 
Jackson  County,  at  Gillespie  Gap,  Mitchell,  in  Burke,  Catawba,  Surry 
and  Mecklenburg,  and  at  the  Ormond  ore  bank  in  Gaston  County. 
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8ENAKXONTITE  OR  YALKKTINrTK. 

The  incmstation  npon  the  native  antimony  of  Burke  Coanty,  which 
does  not  show  any  cryBtalline  planes,  belongs  to  either  one  or  the  other 
of  these  species. 

BISiaTB. 

An  earthy,  greenish  yellow  and  straw  yellow  mineral  has  been  ob* 
served  at  the  King's  Mountain  mine  and  the  Asbnry  vein  in  Gaston 
Connty.    It  is  probably  bismite. 

MOLTBDITR. 

Fonnd  associated  with  molybdenite  as  a  yellow,  earthy  powder,  neai 
Pioneer  Mills,  Cabarras  Connty. 

QUARTZ. 

As  a  constitnent  of  most  of  the  rocks  of  North  Carolina,  and  the 
gangne  rock  of  almost  every  vein,  it  occurs  nearly  everywhere  through- 
out the  State.  Several  of  it^  varieties,  however,  are  of  more  than  nsnsd 
interest.  Bock  crystal  is  found  in  numerous  most  beautifully  modified 
forms  on  the  farms  of  the  Lackey  family  and  others  near  Mahoffey's 
mill,  Alexander  County.  These  have  been  the  subject  of  a  highly  im- 
portant crystallographic  investigation  by  Prof.  Grerhard  vom  Kath,  of 
Bonn.  Unusually  large  masses  of  rock  crystal  from  near  Jefferson, 
Ashe  County,  were  sent  to  New  York  in  1887.  One  perfect  crystal 
weighed  20^  pounds;  another  crystal  weighed  188  pounds,  and  a  third 
weighed  285  pounds.  The  last  named  was  29  inches  long,  18  wide,  and 
13  thick.  Some  of  the  masses  found  would  yield  perfectly  pellucid 
crystal  balls  of  5  inches  in  diameter.  This  occurrence  has  been  de- 
scribed by  G.  F.  Kunz. 

Good  doubly  terminated  crystals  occur  at  Sugar  Mountain,  Burke 
County.  Bock  crystals  are  also  found  in  Rutherford  County;  near 
Morganton,  Burke  County ;  near  Hickory,  Caldwell  County ;  Catawba 
County,  Iredell  County ;  Mountain  mine,  in  Cleveland  County ;  at  Hamp- 
ton's, on  Mining  Creek,  Yancey  County;  Stokesburg,  in  Stokes  County; 
Macon  County,  Swain  County,  Rich  Mountain,  head  of  Cove  Creek,  in 
Watauga  County;  Mitchell  and  Transylvania,  in  Wilkes,  Guilford, 
Lincoln,  Gaston,  Burke,  Anson,  Granville,  Wake,  Moore,  Warren,  and 
other  counties.  Qnartz  crystals,  inclosing  liquid  (hydrolite,  Hum- 
phreys), in  beautiful  specimens,  are  found  on  Isaac  Price's  farm.  White 
Plains,  Alexander  County,  also  found  by  Prof.  Humphreys,  in  pockets 
and  drift  veins  in  Catawba  County,  and  in  the  South  Mountains,  Burke 
County,  one  with  a  bubble  which  moves  nearly  2  inches,  and  a  group  of 
13  crystals  having  50  bubbles.  He  also  found  crystals  with  the  basal 
plane  in  Burke,  Catawba,  and  Alexander  Counties.  At  the  emerald 
locality,  in  Alexander  County,  some  7  years  ago,  Mr.  Hidden  discovered 
a  remarkable  ''pocket"  which  yielded  over  400  pounds  of  crystals. 
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many  of  them  containiu^::  water  babbles  of  unasual  size.  Nearly  all  of 
these  were  destroyed  by  freezing,  which  shattered  the  crystals  to  frag- 
mcDts.  Bntilated  qaartz  crystals  of  great  beauty  are  met  with  at 
several  localities  in  Bandolph,  Catawba,  Burke,  Irexlell,  and  Alexander 
Counties  (enumerated  under  Butile).  Quartz  crystals  with  scaly  crystals 
of  hematite  occur  at  King's  Mill,  Iredell  County.  Quartz  between 
laminae  of  muscovite,  occurs  at  the  Deake  mine,  on  Toe  Biver,  Mitchell 
County.  Badiated  quartz  is  found  at  Dillahay's  gold  mine,  in  Person 
County  and  in  Wake  County.  Amethyst,  in  very  fine  crystals  and 
clusters  of  crystals,  and  of  a  good  violet  or  pink  color,  but  mostly  of  a 
dark,  smoky  color,  is  found  at  Bandleman's,  Lincoln  County,  also  at  the 
lead  mine;  Alexander  County,  at  Hickory,  Catawba  County,  in  Buther- 
ford,  Chatham,  and  Wake  Counties;  amethyst  of  a  deep  purple  color 
with  rutile  occurs  in  Catawba  County,  and  a  smoky  amethyst  with 
rntile,  at  the  head  of  Honey  Creek,  Wilkes  County.  Bose  quartz  is 
found  at  Highlands,  in  Macon,  near  Franklinville,  in  Bandolph  (with 
acicular  rutile),  White  Plains,  Alexander  County,  and  near  Concord, 
Cabarrus  County,  likewise  penetrated  with  rutile.  Smoky  quartz  is 
found  3  miles  from  Taylorsville,  Alexander  County,  on  Cavin's  and  also 
on  Pritchard's  and  Patterson's  farms ;  it  also  occurs  in  large  crystals 
on  Brush  Creek,  Mitchell  County,  in  the  drift  of  Brindletown,  Burke 
County,  at  the  mouth  of  Beaver  Dam  Creek,  Cherokee  County,  and  in 
Alleghany  County. 

Milky  quartz  is  found  at  Boseman's  farm,  Alexander  County,  at  the 
forks  of  the  Laurel,  Madison  County,  and  at  War  Hill,  Surry  County ; 
opalescent  quartz  atDanBiver,  StokesCounty.  Quartz  pseudomorphous 
after  calcite,  both  crystallized  and  fibrous,  is  found  2  or  3  miles  north- 
west of  Butherfordton,  Butherford  County;  the  irregularly  shaped  frag- 
ments frequently  contain  water.  Similar  pseudomorphs  occur  at  Craw- 
ford's farm^  5  miles  east  of  Statesville,  in  Iredell  County ;  and  a  peculiar 
variety  of  pseudomorphous  quartz,  after  feldspar  perhaps,  occurs  at 
Shooting  Creek,  Clay  County.  Concerning  the  quartz  at  Crawford's 
farm,  Hidden  says : 

From  a  carefal  stody  of  the  rock  in  situ  and  of  many  specimens  from  the  localiticB, 
I  am  forced  to  conclnde  that  these  forms  of  qnartz  are  psendomorphs  of  the  inter- 
stices between  crystals  of  some  mineral  that  crystallized  in  thin,  flat,  tabular  forms. 

Sections  of  these  water-bearing  forms  present  an  interior  of  bright  transparent 
crystals,  or  of  mammillary  chalcedony,  while  the  stmctnre  of  the  walls  is  semi- 
radiated  from  the  exterior.  Carefal  examination  of  the  surfaces  shows  a  series  of  tri- 
angular markings  (angles  60^)  on  all  sides.  Now  these  markings  are  exactly  what  we 
wonid  expect  by  the  slow  deposition  of  qnartz  on  the  basal  pinacoid  of  a  imiax<il 
crystal  (rhombohedral),  or  of  the  deposition  of  qnartz  from  solntion  in  a  vein  filled 
up  with  meshed  and  netted  crystals,  which  being  thin,  presented  only  basal  planes 
for  contact  surfaces.  What  the  original  mineral  was  is  not  shown  by  the  specimens 
The  casta  of  crystal  cavities  in  the  larger  masses  show  an  unmistakable  hexagoua. 
prism  with  a  large  development  of  the  basal  pinacoid  (these  two  planes  identified  by 
striations  on  the  quartz),  and  this  characteristic  is  persistent. 

Chalcedony  is  found  near  Franklin,  Macon  Go\\tv1^\  TV'^"a.^'^^'^^w^^ 
Jackson  County ;  at  Hampton's  Mining  Greek,  X«ive«^  iiwvvvVs\  ''v^. 
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Martin's  limestone  quarries,  in  Stokes  County;  on  Alamance  Creek, 
Alamance  Coauty;  and  in  Lincoln,  Iredell,  and  Chatham  Coanties. 
Hornstone  occurs  at  Martin's  qaarry,  Stokes  Coanty;  near  Asheville, 
Buncombe  County;  in  Madison  County  and  Iredell  County;  and  in 
Montgomery,  Bandolph,  and  elsewhere.  Drusy  quartz  is  frequently 
found  on  the  decomposed  outcrops  of  the  chrysolite  beds  in  Macon,  Jack- 
son, Clay,  Buncombe,  and  Madison  Counties.  Itacolumite  or  flexible^ 
sandstone  forms  a  stratum  in  the  quartzite  at  Linville,  Burke  County; 
Sauratown  Mountains,  in  Stokes  County,  and  Bending  Bock  Mountain, 
in  Wilkes  County.  Fossil  wood  is  abundant  in  the  Triassic  beds  in 
Anson  County,  and  near  German  ton,  in  Stokes  County;  near  Cheek's 
Creek,  in  Montgomery  County,  and  in  Johnston  County;  and  in  the 
quaternary  gravels  of  Halifax,  Moore,  Cumberland,  Wayne,  and  other 
counties.  Agate  is  found  in  many  places;  at  D.  Caldwell's,  Mecklen- 
burg County;  near  Harrisburg  and  near  Concord,  Cabarrus  County; 
in  Granville,  Orange,  and  elsewhere.  Jasper  occurs  banded  (red  and 
black)  in  Person  County,  in  Granville  (Knap  of  Beeds  Creek),  in 
Madison  County  (near  Warm  Springs  and  on  Shut  In  Creek),  in  Moore 
County,  in  Wake,  and  elsewhere. 

A  peculiar  purplish  brown  variety  of  quartz  from  Uwharie,  Mont- 
gomery County,  partially  analyzed  by  me,  gave : 

Ignition 0*70 

Silica 91-53 

Ferric  oxide 5'16 

Magnesia 0*14 

Lime 0-66 

Undetermined 1*81 


100-00 
Sp  gr.,  2-663. 

OPAL. 

The  only  variety  of  opal  which  has  come  to  my  notice  from  North  Car- 
olina is  ^^  hyalite"  in  bluish  white  mammilary  coatings  upon  the  quartz 
of  gold  veins  in  Cabarrus  County,  and  at  the  Culsagee  mine,  Macon 
County.  It  is  rarely  found  in  beautiful,  colorless,  and  white  botryoidal 
incrustations  upon  foliated  chlorite.  A  pecuHnr  yellowish  to  brownish 
hyalite,  incrusting  quartz,  was  collected  by  F.  W.  Clarke  in  1883,  at 
Foster's  mica  mine,  near  JeSerson,  Ashe  County. 

TEBNABY  OXYaEN  COMPOUNDS. 

SILICATES. 

ANHTDROTIS  SILICATES. 

EN8TATITE. 

Forms  beds  at  the  corundum  mine  of  Culsagee,  in  Macon  County, 
in  coarsely  crystalline  masses  of  a  brownish  gray,  yellowish  color;  in 
coarsely  granular  masses  with  chrysolite,  at  Webster,  Jackson  Coanty; 
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also  ill  small  crystalliue  particles,  disseminated  through  chrysolite,  at 
Hampton's,  Mining  Creek,  Yancey  County,  and  2J  miles  south  of  Bjik- 
ersville,  in  Mitchell  County.  Bronzite  is  found  at  Bald  Creek,  Yancey 
Coanty,  and  near  Kernersville,  Forsyth  County.  I  had  this  mineral 
from  the  Culsagee  mine  analyzed  in  the  laboratory  of  the  University  of 
Pennsylvania  by  Frank  Julian,  who  found  : 

Water 1*21 

Silica 57-30 

AlnmlDa trace 

Ferrons  oxide 7*45 

Magnesia 34 '64 

100-60 

PYROXENK. 

Black  and  brownish  black,  cleavable  masses,  with  magnetite,  at 
Cranberry,  Mitchell  County,  and  of  pale  greenish  color,  with  magnetite, 
on  Ivy  Eiver,  Madison  County,  and  on  Horse  Creek,  Ashe  County;  in 
"  traps  ^  at  Greensboro,  Guilford  County  ;  green  coccolite,  in  calcite,  2 
or  3  miles  from  the  mouth  of  Bear  Creek,  in  marble,  at  Walnut  Creek, 
1  mile  from  French  Broad  River,  Madison  County,  and  at  Q<>shen,  Macon, 
County.  Dark  brownish  black  and  black  pyroxene  is  one  of  the  con- 
stant constituents  of  the  numerous  '*  trap  "  rocks  found  in  North  Caro- 
lina. 

SPODUMENE.  ^ 

Occurs  in  Sharpe's  Township,  in  Alexander  County.  The  first  crystals 
obtained  were  pale  yellowish  green,  and  were  thought  to  be  diopside. 
They  bad  been  found  loose  in  the  surface  soil  by  some  children  living 
on  a  farm  near  Salem  Church,  and  were  shown  to  Mr.  William  Earl 
Hidden  by  Mr.  J.  A.  D.  Stephenson,  of  States ville.  The  former  gen- 
tleman sent  specimens  to  Dr.  J.  Lawrence  Smith,  who,  by  analysis, 
])roved  them  to  be  spodumene.  The  mineral  has  since  been  extensively 
mined  under  the  direction  of  Mr.  Hidden ;  and  the  new  emerald  green 
variety  of  spodumene  has  received  the  name  of  hiddenite.  As  a  gem 
it  ranks  equal  in  beauty  and  value  to  the  emerald,  which  latter  stone 
occurs  with  the  hiddenite.  In  color  it  ranges  from  fine  emerald  green 
throngh  yellow  to  nearly  white.  It  occurs  almost  invariably  im- 
planted upon  the  walls  of  open  pockets,  associated  with  a  number  of 
other  minerals  of  considerable  beauty.  The  emerald  green  variety  has 
been  analyzed  by  Dr.  J.  L.  Smith  (I)  and  myself  (II),  as  follows: 
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1 

I. 
3U 

II. 

So.  er.... 

3*166  j 

*'!'•  »*  •--•  •....«..•.....•««.......••••••«••-----  .....  -. 

1 

Silie* 

270    1 

«3ft5 

1 

'    Alnioina 

26*58 

Chromic  oxide 

FfllTXMl*  oxide  ....................... r. ........... ...... 

0*18 

1-9 
7-5 

1*11 

LithU : 

6-82 

Soda 

1-54 

Potash 

1 

007 

1009 

100-25 

The  8|).  gr.  of  tbe  yellowish  hiddenite  I  found  to  be  3*177 ;  tbat  of  the 
darkest  green  variety  was  determined  by  Smith  to  bo  3-191  to  3.194. 


AMPHIBOLE. 


Amphibole  is  represented  in  North  Carolina  by  numerous  varieties. 
We  find  white  and  gray  tremolite  associated  with  talc  at  Marble  Creek 
and  Murphj^,  Cherokee  County ;  also  on  the  Tennessee  Creek,  Jackson 
County,  in  talc  and  chrysolite ;  at  Webster,  Jackson  County ;  the  White- 
side Mountains,  Sugartown,  8^  miles  from  Franklin ;  at  the  Culsagee 
mine,  Macon  County,  2^  miles  south  of  Bakersville,  in  Mitchell  County; 
at  Hampton's  Mining  Creek,  Yancey  County;  on  Toe  Eiver;  at  the 
Carter  mine,  Madison  County ;  gap  of  Black  Mountain,  and  the  south- 
east slope  of  Three  Top  Mountain,  in  Ashe  County.  Gray  and  brown- 
ish grammatite  occurs  near  the  Tennessee  Creek;  anthophyllite  oc- 
curs at  Culsagee  mine  and  at  Gregory  Hill,  in  Macon  County;  actin- 
olite  has  been  observed  in  talc  near  Belt's  Bridge,  Iredell  County ;  at 
Shooting  Creek,  Clay  County ;  Swannanoa  River,  near  Asheville ;  and 
with  chrysolite  at  Webster,  Jackson  County ;  Hampton's  Mining  Creek, 
in  Yancey  County,  2J  miles  south  of  Bakersville,  Mitchell  County ;  in 
talcose  rocks  near  Tennessee  Creek,  on  the  East  Fork  of  Tuckasege  1^ 
miles  from  its  mouth,  Mecklenburg  County;  Eich  Mountain,  Wa- 
tauga County;  Franklin,  in  Macon  County;  at  Bolejack's  limestone 
quarry,  in  Stokes  County ;  at  Rogers's  ore  bank,  near  Danbury,  in  Stokes 
County;  near  Morganton,  Burke  County;  and  Ellison's,  in  Gaston 
County.  Asbestos  has  been  found  at  Webster,  and  at  the  head  of  Cul- 
lowhee  Creek,  Jackson  County ;  on  Sugartown  Creek,  near  Franklin ;  at 
the  Nantehaleh  Eiver,  in  Macon  County;  the  Brushy  Mountains;  at 
Baker  mine  and  oii  John's  River  and  on  King's  Creek,  Caldwell  County ; 
and  on  Smith's  River,  Rockingham  County,  in  Franklin  and  Wilkes 
Counties;  at  Hampton's  Mining  Creek,  in  Yancey  County;  at  Buchan- 
an's and  Cane  Creek,  near  Bakersville,  in  Mitchell  County ;  also  in  quartz 
crystals  at  J.  W.  Warren's  farm.  White  Plain's,  Alexander  County. 
Black  and  greenish  black  hornblende  is  abundant  throughout  the  State 
in  the  hornblende  slates,  hornblende  rocks,  syenite,  and  diorite.  It  has 
been  found  in  rather  large  cleavage  pieces  23  miles  below  Franklin, 
on  tbe  Swannanoa  River,  near  AH\iev\\\^\  v\tv\\^Vj>a\\c>^\v^^^\wlSavan- 
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nail  mines,  in  Jackson  County ;  at  Jarrett's,  on  tbe  Nantebaleb,  in  Cher- 
okee County;  and  at  Polecat  Creek  and  near  Greensborougb,  in  Guil- 
ford County. 

True  ortborbombic  antbopbyllite,  well  crystallized  and  transparent, 
bas  been  described  by  Penfield  from  tbe  Jeuks  corandum  mine  at 
Franklin,  Macon  County.  •  Sp.  gr.  3.093.  Analysis  (Penfield)  as  fol- 
lows: 

Silica   57-98 

Ferrous  oxide 10'39 

Mangaueee  oxide 0*31 

Magnesia 28-69 

Lime 0-20 

Alomina 0-63 

Water 11-67 

Loss  at  100 012 

99-99 

SMARAGDITR  (f);   KQKSCHAROWITE. 

A  beautiful  miueral,  wbicb  may  be  a  variety  of  bornbleude,  occurs 
at  tbe  Cullakenee  mine,  Clay  County.  It  bas  a  brigbt  color  between 
emerald  and  grass  green,  gradually  passing  into  grayisb  green  }iud 
greenisb  gray.  Sp.  gr.  of  tbe  grass- green  variety,  3'120.  It  is  associ- 
ated with  pink  and  ruby  corundum  and  a  feldspatbic  mineral.  Tbe 
analysis  of  tbe  pure  material  gave  Tbomas  M.  Cbatard — 

Silica 45-14 

Alumina 17*59 

Cliromic  oxide 0-79 

Ferrous  oxide 3-4r> 

Nickolons  oxide 0*21 

Magnesia 16*69 

Lime 12-51 

Soda 2-25 

Potash* 0-36 

Ignition  (water) 1-34 

100-3:$ 

ARFVEDSONITE. 

A  brownisb  black  or  greenisb  black  bornblende-like  mineral,  is  found 
associated  witb  tbe  andesite,  zoisite,  and  corundum  of  tbe  Cullowbee 
mine  and  Sbooting  Creek,  Clay  County,  and  rarely  at  Culsagee,  Macon 
County.  It  is  easily  fusible  and  gives  a  strong  yellow  flame,  and  is 
therefore  probably  arfvedsouite.  An  analysis  of  a  black  variety  by 
J.  L.  Smitb  places  it  ratber  under  tbe  aluminous  bomblende.  He 
found : 

Silica 45-90 

Alumina 13-34 

Ferric  oxide 11'46 

Lime 1220 

Magnesia 12*53 

Soda 3-39 

Water (i*^ 
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CBOCIDOUTE  (f) 

This  mineral  I  have  received  from  Gol.  Josepli  Willcox,  and  it  is  said 
to  come  from  one  of  tlie  western  counties  of  North  Carolina.  The  physi- 
cal properties  and  the  chemical  tests  which  I  have  made  indicate  that  it 
is  crocldolite.  It  consists  of  long,  delicate  fibers  of  a  blae  color,  is 
insoluble  in  acids^  and  fuses  easily  to  a  black  glass,  coloring  the  flame 
yellow. 

BBSTL. 

Found  in  six-sided  prisms,  sometimes  doubly  terminated,  from  about 
half  an  inch  to  4  inches  in  thickness,  and  from  1  to  G  inches  in  length; 
color  yellowish  and  bluish  green,  small  pieces  of  the  latter  color  some- 
times transparent  enough  to  be  cut  for  gems  (aquamarine),  associated 
with  orthoclase,  muscovite,  tourmaline,  etc.,  at  Ray's  mine,  ou  Hur- 
ricane Mountain,  Yancey  County.  Yellowish  green  crystals  have  been 
found  at  Buchanan  mica  mine,  and  elsewhere  in  Mitchell  County. 
Clear  green  crystals  occur  at  Balsam  Gap  mine,  Buncombe  County. 
Found  also  at  the  Carter  mine,  Madison  County }  Thorn  Mountain  mine, 
Macon;  Casher's  Valley,  Jackson;  on  Green  Biver, Henderson  County; 
at  £.  Balch's,  Catawba;  Fort  Defiance,  Caldwell;  at  Well's,  Gaston 
County.  Some  very  large  crystals  were  found  (one  2  feet  long  and  7 
inches  iii  diameter),  4  miles  south  of  Bakersville,  and  at  Grassy  Creek 
mine  of  still  larger  size.  Green  crystals  appear  at  Point  Fizzle  mine 
and  elsewhere  in  this  county,  and  on  Green  Biver,  Henderson  County. 
The  most  beautiful  varieties,  similar  to  occurrences  in  Siberia,  are  found 
in  Sharpe's  Township,  near  Salem  Church,  at  White  Plains,  Alexander 
County,  also  in  pale  green  or  bluish  green  modified  hexagonal  prisms 
and  pale  bluish  crystals.  Tbis  is  the  locality  of  the  emerald  and  hid- 
denite  mine,  and  here  for  8  years  past  have  been  found*most  magnificent 
crystals  of  emerald-as  regards  color,  perfection  of  form,  and  crystallo- 
graphic  interest.  Beryl  in  yellowish  green,  hexagonal  prisms  is  also 
found  at  Lackey's  farm,  near  Liberty  Church,  and  Isaac  Price's  farm. 
White  Plains,  Alexander  County.  It  also  occurs  in  yellowish  green 
crystals  in  Catawba  County ;  one  bluish  green,  transparent  crystal,  im- 
planted in  quartz,  has  been  found  at  Capt.  Mills's  gold  mine,  in  Burke 
County,  and  another  of  1  inch  diameter  and  4  inches  length,  with 
a  tourmaline  crystal  of  the  same  length  embedded  in  it.  In  greenish 
yellow  and  deep  green  crystals,  similar  to  Siberian,  in  the  South  Moun- 
tains, 9  miles  southeast  of  Morganton,  Burke  County,  and  in  the  Sugar 
Mountains;  also  at  Shoup's  Ford,  at  Dietz's,  Huffman's,  and  Hilde- 
brand's.    In  smaller  crystals  it  is  found  in  Jackson  County. 

I  have  analyzed  a  rounded,  waterworn,  greenish  pebble  of  beryl  ex- 
hibiting an  uncommonly  perfect  basal  cleavage  (for  this  species)  from 
Alexander  County,  with  the  following  results : 
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Silica 66-28 

Alumina 18.60 

Gliiclna 13-61 

Ferroas  oxide 0*22 

Alkalies nndet. 

Ignition 0-83 

99-54 
Sp.  gr.,  2-703. 

CHRYSOLITB. 


This  is  one  of  the  most  interesting  minerals  of  North  Carolina,  where 
it  forms  large  beds  between  the  hornblende  and  granite  rocks.    It  is 
unnecessarily  called  dnnyte,  from  the  Dnn  Mountains  in  New  Zealand 
where  it  occurs  under  like  circumstances.    It  is  generally  of  a  yellow 
ish  green  color,  but  also  greenish  white,  gray,  and  brownish  green 
mostly  finely  granular,  rarely  foliated,  occasionally  in  larger  grains  dis 
seminated  through  the  fine-grained  mass.    Associated  with  chromite 
enstatite,  actinolite,  tremolite,  asbestus,  talc,  chromite,  and  corundum 
at  Calsagee  mine,  near  Franklin,  Macon  County;  in  Haywood  County 
near  Webster  and  Hogback,  in  Jackson  County ;  at  Bald  Creek  and 
at  Hampton's,  Jack's  Creek,  and  South  Toe  Biver,  7  miles  from  Burns 
ville,  Yancey  County;  2^  miles  south  of  Bakers ville,  in  Mitchell  County 
at  Shooting  Creek  and  Cullakenee  mine.  Clay  County;  at  Bich  Moun 
tain,  Watauga  County;  at  the  Carter  mine,  in  Madison  County;  on 
Ivy,  Buncombe  County ;  near  the  forks  of  New  Biver,  Ashe  County 
on  Little  Biver,  Alleghany  County ;  and  4  miles  south  of  Morganton, 
Burke  County.    It  is  also  found  with  bronzite,  in  hornblende  rock,  in 
Guilford  County,  and  near  Baleigh,  Wake  County.    I  have  analyzed 
two  specimens  from  Webster,  Jackson  County,  one  (I)  which  was  finely 
granular  and  of  a  pale  greenish  color,  with  a  sp.  gr.,  3*280,  the  other 
(II)  of  a  yellowish  olive  green  color,  and  3-252  sp.  gr.,  and  Thomas  M. 
Chatard  one  from  the  Culsagee  mine  (III) : 


Lofls  by  Ignition 

Chromite 

SiUca , 

Alnmma 

Ferrous  oxide.., 

Niccoloua 

H»gne0i« 

Lime 


I. 


0-82 
0-58 

41-89 

trace. 

7-39 

0-35 

49-13 
006 


100-22 


II. 


0-76 
1-83 

40-74 

trace. 

7-26 

0-30 

40-18 
0-02 


100-18 


ni. 


1-72 


41-68 
014 
7-49 
0-34 

49-28 
0-11 


100-06 


The  chrysolite  is  subject  to  extensive  alterations,  forming  serpentine 
and  talc  with  their  usual  associates. 
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GARNET. 


\ 


Widely  distributed  throagb  the  State,  and  a  coustant  constituent  of 
many  of  tbe  mica  and  hornblende  slates,  in  which  it  occurs  in  minute 
dodecahedral  and  trapezohedral  crystals  of  a  brownish  or  brownish  red 
color ;  it  also  occurs  in  many  of  the  talcose  and  chloritic  slates;  larger 
trapezohedral  crystals  of  a  brownish  red  color,  and  sometimes  almost 
black,  are  frequently  met  with  in  the  mica  mines  of  Mitchell  and  Yan- 
cey counties ;  imperfect  dodecahedral  crystals  at  Weaver's,  Jeanstown, 
Rutherford  County,  and  in  talcose  slate,  in  Rockingham,  Cherokee, 
Madison,  Surry,  and  many  other  counties.  The  most  beautiful  and 
perfect  crystals  are  large  trapezohedra,  of  a  brownish  red  color,  from 
Burke,  Caldwell,  and  Catawba  counties.  A  very  excellent  locality  is 
about  8  miles  southeast  of  Morganton,  in  Burke  County,  where  very 
bright  red  crystals  are  found,  some  weighing  nearly  10  pounds.  Several 
tons  of  garnet  from  this  locality  have  been  crushed  into  different  grades 
of  fineness  and  sent  to  market  for  the  manufacture  of  '<  sand-paper." 

Another  good  location  is  4  miles  from  Marshall,  where  large  crystals 
are  found  embedded  in  chlorite  slate.  Some  of  these  garnets  are  nearly 
transparent,  and  when  cut  show  a  peculiar  play  of  colors. 

In  Alexander  County,  on  Marshall's  farm  and  elsewhere,  garnets  are 
found  several  inches  in  diameter.  Large  crystals  and  crystalline  masses 
of  a  reddish  brown  garnet  are  found  near  Franklin,  Macon  County,  and 
on  Toe  River,  Mitchell  County.  Of  good  red  color  it  has  been  observed 
in  the  sands  from  gold  washings  in  Burke,  McDowell  and  Warren 
counties.  The  massive  manganese  garnet  or  spessartite  is  abundant 
at  Jeanstown,  Rutherford  County;  at  Buckhorn,  Chatham  County;  near 
Moore's  mills,  Stokes  County;  near  Gold  Hill,  in  Cabarrus  County;  near 
Brevard's  forge,  IJ  miles  from  the  Vesuvius  furnace;  near  Macpelah 
church,  Lincoln  County ;  near  the  High  Shoals^  and  at  Clubb's  Moun- 
tain and  Crowder's  Mountain,  Gaston  County;  near  Madison,  Rocking- 
ham County;  near  Salem,  Forsythe  County;  on  Horse  Creek,  Ashe 
County;  Lin ville  Mountains  and  Bridgewater,  Burke  County ;  in  Guil- 
ford County;  at  Thorn  Mountain  mine,  Macon  County;  near  Marion, 
McDowell  County;  at  Buchanan  mine,  Mitchell  County;  on  Pacolet 
River,  Polk  County;,  at  Weaver's,  Rutherford  County,  and  near  Dob- 
son,  Surry  County. 

Mr.  G.  A.  Eoeuig  has  analyzed  a  variety  of  manganese  garnet  or 
spessartite  from  Yancey  County  (I),  and  I  that  from  near  Salem,  For- 
syth County  (II),  which  contain: 


Silicia 

Alamina 

Ferrio  oxide 

ManganouB  oxide . 
FerroQs  oxide  .... 

Magnesia 

Lime 


Sp.  gr.,  4'14. 


I. 


35*80 

1906 

6-25 

28*64 

4-40 

0-60 


99-84 


II. 


36-74 

16-55 

undet 

25  80 

14-26 

2-56 

4  09 


100-00 
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ZIRCON. 

Abandant  with  the  gold  sands  of  Barke,  McDowell,  Polk,  Euther- 
ford,  Caldwell,  Mecklenburg,  Xash,  Warreu,  and  other  connties,  in  very 
minute  yellowish  brown  and  brownish  white,  sometimes  amethystine 
and  pink  crystals  with  many  planes;  large  grayish  brown  crystals  of 
zircons  are  found  so  abundant  on  the  south  side  of  the  Blue  Bidge  near 
Green  Biver,  Henderson  County,  that  Gen.  Clingman  easily  obtained 
in  a  few  weeks  in  1869, 1,000  pounds  of  crystals.  More  recently,  a  com- 
mercial demand  for  zircons  having  arisen,  over  30  tons  of  the  mineral 
have  been  taken  from  this  region.  It  is  found  here  embedded  in  feld- 
spathic  gneiss,  and  also  in  a  similar  association  at  the  Jones's  mine,  near 
Coleman's  station.  Found  also  by  Dr.  Hunter  at  Well's  farm,  Gaston 
County.  It  is  rarely  found  at  Bay's  mine.  Hurricane  Mountain,  Yancey 
County,  and  the  Flat  Bock  mine,  Mitchell  Connty.  It  has  been  ob- 
served in  dark  red  brown  crystals  in  the  magnetite  beds  of  the  Unaka 
Mountains;  an  irregular  large  crystal  of  about  2  inches  in  length  and 
a  pale  brownish  gray  color  has  been  found  by  J.  A.  D.  Stephenson  near 
Statesville,  Iredell  County;  and  by  the  same,  small  crystals  embedded 
in  allanite,  near^ethany  church. 

Peculiar  dark  brown  crystals  from  l-3mm.  in  size  are  found  at  Low's 
and  Tibbet's  mine,  in  Macon  County,  which  may  be  zircon.  They 
need  fuller  investigation.  Hidden  reports,  from  the  gold  sands  of 
Brindletown,  good  crystals  of  the  variety  malacone.  The  latter  are 
jet  black,  with  occasionally  a  grayish  crust,  and  are  larger  than,  and  of 
dififerent  form  from,  the  zircons  directly  associated  with  them.  Sp.  gr. 
4-087.  The  same  authority  reports  the  variety  cyrtolite  from  several 
places,  namely : 

Masses  aud  distinct  crystals  having  cnrved  faces  and  gray  brown  color  havo  been 
met  with  at  the  Wiseman  mica  mine  in  Mitchell  County,  astociated  with  aatunite, 
fergusonite,  and  samarskite.  Also  at  Mill's  mine,  near  Brindletown,  and  at  the  xeno- 
time  and  polycrase  locality  on  the  Davis  land,  near  Green  River,  in  Henderson 
Connty. 

With  the  monazite  at  Mars  Hill,  Madison  County,  zircon  crystals  of 
considerable  size  are  sometimes  found.  One  such  crystal,  sp.  gr.  4-507, 
was  analyzed  by  me  as  follows : 

Loss  on  ignition 1*20 

Silica 31-83 

Zirconia 6342 

Ferricoxide 3-23 

99-68 

VBSUVIAKITB. 

A  mineral  resembling  vesuvianite  occurs  in  brownish  green,  indis- 
tinct, crystalline  masses,  intermixed  with  quartz,  and  associated  with 
reddish  brown  garnet,  in  Macon  County. 
Bull.  74 4 
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EPIDOTK. 

Epidote  is  found  abuudantl^^  in  North  Carolina,  although  fine  crys- 
tals are  exceedingly  rare.  The  finest  specimen  which  I  have  seen,  is 
a  crystal,  in  the  cabinet  of  the  University  of  Pennsylvania,  from  the 
gold  washings  of  Rutherford  County ;  it  is  strongly  pleochroic,  like  the 
so-called  ^^Puschkinite,"  from  the  auriferous  sands  of  Katharinenbnrg, 
in  the  Ural  Mountains.  Fine  crystals  have  been  lately  obtained  by 
Hidden,  at  Hampton's,  Yancey  County.  Yellowish  and  brownish  green 
crystalline  masses,  sometimes  with  indistinct  crystals,  have  been  found 
near  White's  mill,  Gaston  County,  and  near  Franklin,  in  Macon  County. 
At  the  latter  place  occurs  also  a  variety  in  short,  stout  crystals  of  a 
dark  brown  or  greenish  brown  color  (analysis  below).  In  Mitchell 
County  it  is  found  in  dark  brownish  green  crystals  and  radiating  masses. 
Crystals  and  crystalline  masses  in  qaartz  at  White  Plains,  Alexander 
County.  Fragments  of  epidote  in  greenish  crystals,  also  a  granular 
variety,  are  frequently  met  with  in  the  gold  sands  of  Burke,  McDowell, 
and  Huthertbrd  Counties. 

Epidote  of  olive  green  or  grltyish  and  brownish  ^een  color  occurs 
massive  as  a  frequent  admixture  of  hornblende  slate  (notably  in  Mitch- 
ell County)  or  diorite,  sometimes  forming  pure  masses  of  epidosite, 
as  at  the  foot  of  Grandfather  Mountain,  head  of  Watauga  Biver,  Wa- 
tauga County.  It  occurs  also  abundantly  and  conspicuously,  as  bright 
green  amygdules  in  the  chloritic  amygdaloidal  gneisses  on  Watauga 
Biver.  It  constitntes,  with  a  reddish  feldspar,  the  so  called  uuakyte 
rock,  which  may  be  seen  at  Marshall,  Madison  County,  and  down  the 
French  Broad  in  occasional  seams  and  thin  beils  for  several  miles.  It 
has  also  been  found  in  many  of  the  magnetic  iron  ore  beds,  as  at  Cran- 
berry, Mitchell  County,  at  Smith's  ore  bed  on  Ivy,  Madison  County, 
in  the  beds  on  Horse  Creek,  Ashe  County,  at  Buckhoru,  Chatham 
County,  etc. 

I  have  analyzed  the  brown  epidote  from  Macon  County,  and  fouud 
the  sp.  gr.  3-269,  and  its  composition : 

Silica 36-95 

Alamina 25*82 

Ferric  oxide 9'97 

Ferrous  oxide 1'3I 

MaDganoQB  oxide 0*56 

Magnesia 0*56 

Lime 21*86 

Ignition  (water) 302 

100-08 

ALLANITE. 

Allanite  is  found  in  jet  black  or  brownish  black,  slender  cr^'stals, 
sometimes  of  G  to  12  inches  in  length,  and  also  in  crystalline  masses  iu 
a  granite  vein  at  Balsam  Gap,  Buncombe  County.  Also  under  similar 
circamstduces  at  the  Bucbauau  mUvQ  i\ud  Wiseman's  mine,  Mitchell 
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Coanty,  in  anusually  perfect  crystals  2cdi.  loog  by  1cm.  thick.  At 
the  Hiddenite  mine  it  occurs  in  small,  well  polished  prisms.  In  mas- 
sive form  it  occurs  near  Bethany  chnrch,  Iredell  County,  in  large 
quantities,  with  small  crystals  of  zircon  imbedded  in  it. 

Another  promising  locality  is  near  Democrat  P.  O.,  Madison 
County.  It  has  also  been  identified  by  Hidden  among  the  minerals 
from  Brindletown,  and  from  the  Henderson  County  zircon  mines.  At 
some  of  the  localities  the  allanite  undergoes  an  alteration  and  changen 
into  a  pale  brownish  or  brownish  yellow  mineral  which  has  not  been 
further  examined.  A  mineral  of  an  orange  color  from  the  Buchanan 
mine,  resembling  gummite,  may  be  the  so-called  yttro-gummite;  the 
quantity  at  hand  was  too  small  and  impure  for  analysis,  but  it  contains 
arauic  oxide  and  some  of  the  rare  earths  of  the  cerium  or  yttrium  groups. 

I  have  analyzed  the  allanite  from  Balsam  Gap  (I),  and  the  Hiddenite 
mine  (II);  Dr.  J.  W.  Mallet  has  examined  the  pitchy  black  variety 
from  Wiseman's. mine  (III),  and  Mr.  Harry  F.  Keller  that  from  Bethany 
Church  (IV).    The  analyses  are  as  follows : 


1. 

II. 

III. 

IV. 

Sn.  irr...... ...................... 

3-400 

8-005 

8-63 

Silica 

32-70 
1816 

1-64 
10-08 

607 

14-40 

1*84 

1-23 
0-15 
1005 
0-33 
0  12 
1-88 

32  05 
22  03 
1104 

3003 

14-38 

7-10 

5-22 

31-685 

17-330 

7-062 

Alamina 

yerrio  oxide.......... 

P*iTOTH»  oxid* 

Ccriam  oxida - 

10-110 
18000 

1120 

1025 

0.540 
16-785 

0.210 
trace. 

1-460 

Didymiam  oxide ) 

LanihAnam  oxide ^ 

Yttriam  oxide t 

14-81 

0-85 

100 
1-28 
043 
0-54 
0-20 
3G4 

1-53 

8-20 

trace. 
4-20 

17-47 

Erbium  oxide > 

MMiffaneAe  oxide  ^Tr^.^'-^-r^r 

Maimesia 

Lime .■...••.••...... 

Soda 

Potaah 

Water 

■ ••••••••• 

2-78 

99-75 

08.76 

0005 

100-307 

ZOISITE. 


The  beautiful  variety  of  zoisite,  ^Hhulite,"  has  been  found  in  slender, 
rose-red  crystals  in  the  feldspars  at  the  Flat  Bock  mine,  Mitchell  County. 
At  the  OuUakenee  mine  it  is  found  as  one  of  the  products  of  the  altera- 
tion of  corundum.  Some  of  the  pink  as  well  as  the  bluish  gray  corun- 
dum is  changed  into  compact  and  cleavable  columnar  masses  of  zoisite 
of  a  grayish,  greenish,  and  brownish  white  color.  G.  A.  Koenig  has 
analyzed  the  slightly  greenish  white  cleavable  variety  (I),  which  has 
resulted  firom  the  alteration  of  pink  corundum.    I  have  made  an  analysis 
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of  the  white,  slightly  grayish  zoisite  (II),  containing  still  nuclei  of  un- 
altered bluish  gray  corundum: 


Sp.  gr '. 

Silica 

Aluaaina 

Ferric  oxide 

MaDganotis  oxide. . . 

Man^DCBia 

Lime.  • 

Soda  (trace  of  lithia) 

Potaah 

Loaa  by  ignition 


.-     —  -  — 

!     I. 

II. 

3-286 

8-224 

40-70 

30*86 

33-86 

33-84 

0-81 

1-62 

trace. 

trace. 

0-22 

0-18 

2405 

23-82 

iindei. 

0-22 

andet. 

009 

0-63 

0-78 

100-27 

100-41 

Some  40  years  ago,  about  half  a  mile  southwest  of  Silver  Hill,  while 
searching  for  the  continuation  of  the  vein,  a  grayish  white,  foliated  and 
columnar  mineral  was  found  which  had  the  appearance  of  zoisite.  No 
further  examination  of  it  was  made,  and  there  is  probably  no  specimen 
preserved.  Dr.  Hunter  reports  zoisite  from  Alleghany  County,  and  it 
also  occurs  in  Swain  County. 


PHLOGOPITE. 


Small  brownish  scales  of  it  have  been  fouud  in  the  granular  lime- 
stone of  Bolejack's  quarry,  near  Germantown,  aud  at  Martin's  quarry  on 
Snow  Creek,  Stokes  County,  on  Walnut  Creek,  one  mile  from  the  French 
Broad  River,  in  Madison  County,  on  Valley  River,  in  Cherokee  County, 
and  at  Judge  Pearson's,  near  the  Yadkin  River,  Yadkin  County.  It  is 
fouud  also  near  Coleman's  Station,  in  Henderson  County. 


BIOTITK. 


Biotite  is  a  constituent  of  many  of  the  granites,  gneisses,  and  mica 
schists  of  North  Carolina.  It  is  found  only  in  small  black  or  brown- 
ish black  plates  or  scales.  The  localities  are  too  numerous  for  partic- 
ular mention.  It  occurs  in  large  plates  aud  in  very  regular  crystals  Id 
the  mica  mines  of  Mitchell,  Haywood,  Yancey  and  especially  Macon, 
notably  at  Lytic  and  Thorn  Mountain  mines. 

MUSCOVITE. 

The  mica  of  the  gneiss  and  mica  schist  is  mostly  muscovite,  hence 
it  is  one  of  the  commonest  minerals  of  North  Carolina.  In  a  few 
localities  it  is  found  in  beautiful  crystals,  for  instance,  with  magnetite, 
at  Buckhorn,  in  Chatham  County,  with  quartz,  at  Hickory,  Catawba 
County,  and  with  pyrite,  in  Stokes  County.  The  most  remarkable 
crystals  of  muscovite  are  associated  with  the  minerals  of  the  Emerald 
and  Hiddenite  mine  in  Alexander  County.  They  are  hexagonal  plates 
implanted  edgewise  on  the  walls  of  pockets,  and  are  dusted  over  with  a 
cbloriUc  coating,  possibly  of  \ua\ii6«t\\fe^<\»N*^^^\s:\0a.  ^^«^  the  mica 
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a  pecaliar  bronzy  appearance.    An  analysis  by  F.  W,  Olarke  is  given 
below. 

Since  the  year  1868  mica  has  been  mined  in  many  places  and  has 
been  obtained  in  large  plates,  at  times  over  3  feet  in  diameter,  gener- 
ally of  a  brownish  color,  in  masses  or  large  crystals,  associated  with 
gray,  smoky,  or  yellowish  brown  qaartz,  orthoclase,  albite,  etc.,  in  nu- 
merous localities  in  Macon,  Jackson,  Haywood,  Buncombe,  Ashe,  Mc- 
Dowell, Mitchell,  Yancey,  Alexander,  Cleveland,  and  other  counties.  A 
pink  colored  muscovite  in  fine  scales,  much  resembling  lepidolite^  for 
which  it  was  mistaken,  occurs  with  mica  at  Bay's,  mine  in  Yancey 
County,  and  at  the  Flat  Sock  mine  in  Mitchell  County. 

A  compact  variety  of  this  species,  often  in  very  fine  cryptocrystalline, 
scales  or  fibrous,  radiating  masses,  frequently  resulting  from  the  alter- 
ation of  corundum  and  other  minerals,  was  formerly,  under  the  impres- 
sion that  it  was  distinct  hydrous  mineral,  designated  as  damourite. 

Very  fine  white  and  yellowish  white  pearly  scales  are  found  with  the 
cyanite  at  Crowder's  and  Clubb's  mountains,  which  result  from  alter- 
ation of  the  cyanite.  Under  similar  circumstances  it  is  found  in  Yancey, 
Cherokee,  and  Iredell  counties.  A  slaty  variety,  much  resembling  the 
pyrophyllite  slates  of  Chatham  and  Moore  Counties,  occurs  near  Warm 
Springs,  Madison  County.  The  most  interesting  occurrence  of  mus- 
covite is  that  resulting  from  the  alteration  of  corundum.  In  this  con- 
nection it  is  found  in  many  varieties.  It  is  sometimes  in  compact 
masses,  with  a  crystalline  structure  and  a  yellowish  white  color,  sur- 
rounding the  corundum  as  at  the  Haskett  mine,  Macon  County,  or  it 
envelops  the  nodules  of  corundum,  as  at  Belt's  Bridge,  Iredell  County, 
and  has  a  very  fine  fibrous  structure  with  delicate  silky  luster,  the  fine 
particles  gradually  assuming  a  scaly  structure  and  large  size.  At 
Crowder's  and  Clubb's  mountains  and  Culsagee  mine,  Macon  County, 
the  muscovite,  surrounding  corundum,  occurs  in  the  form  of  small  silver 
white  scales,  usually  discolored  by  a  thin  coating  of  oxide  of  iron.  At 
the  Hogback  mine,  in  Jackson,  and  especially  in.  Haywood  County,  it 
occurs  in  a  similar  manner,  but  it  frequently  surrounds  large  masses  of 
corundum  with  a  compact  or  semi  fibrous  coating  with  silky  luster, 
which  towards  the  margin  becomes  more  crystalline  and  scaly;  at  the 
Presley  mine,  Haywood  County,  it  is  found  in  very  fine  scales,  gn^adu- 
ally  increasing  to  plates  of  an  inch  in  diameter,  and  sometimes  directly 
into  large  hexagonal  crystals  of  3  to  4  Inches  in  diameter,  still  inclos- 
ing nuclei  of  the  original  mineral. 

The  following  have  been  analyzed  in  the  laboratory  of  the  University 
of  Pennsylvania,  I  to  IV: 

I.  The  finely  fibrous  from  Belt's  Bridge,  by  Miss  Mary  T.  Lewis. 
14.  The  fine  scales  from  Crowder's  Mountain,  by  Thos.  M.  Chatard. 

III.  The  fine  scales  from  Culsagee,  by  Geo.  A.  Koenig. 

IV.  Plates  of  about  1  inch  in  diameter  from  the  Presley  mine,  by 
myselL 
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y.  Carefally  parified  crystals  from  the  Emerald  and  Hiddenite  mine, 
analyzed  by  F.  W.  Clarke  in  the  laboratory  of  the  U.  S.  Geological 
Survey. 
The  following  are  the  results : 


I. 

n. 

8860 
4351 

III. 

TV. 

V. 

So.  ffT... 

2*867  1 

__ 

Silica 

4506 

45  02 

44-80 

45-40 
1*10 

33*66 
2*36 
1-86 

trace. 
1.41 
8*33 
0.60 
5-46 

Titanic  oxide - 

Alnmina 

38-22 
0.61 

I  37*85 

0-31 
0^2 

trace. 
1*04 

11-35 

85-93 
293 
0*34 

trace. 

trace. 
071 
0*40 

8802 
1*96 
014 
0*30 

0-60 
10*20 

Ferric  oxide 

Magneala 

Lime -. 

0-37 

Lithia 

Soda 

0*74 
0*21 

Potash 

Flnor  ine . ................ 

Ignition 

4*80 

7-73 

4*93 

4*50 

Less  oxTffen ....................... 

100  fH) 

102*21 

00-86 

100  67 

100*27 
0*29 

90*96 

The  soft,  pseudomorphous  crystals  in  the  form  of  staorolite  from 
Cherokee  County  are  probably  mnscovite. 

LABRADORITB. 

A  white,  and  in  some  portions  colorless,  very  lustrous,  cleavable  va- 
riety with  very  few  triclinic  striie,  occurs  at  the  Cullakenee  mine,  in  Olay 
County.  It  has  a  sp.  gr.  of  2-62.  I  had  it  analyzed  in  the  laboratory 
of  the  University  of  Pennsylvania  by  Mr.  W.  H.  Jarden,  who  found : 

Silica 55-61 

Alaniina ; 26-90 

Lime 9*60 

Soda 6-97 

Potaah 0-55 

Ignition  ( water) 0*35 

99-9B 

It  has  been  found  in  gray,  granular,  cleavabie  masses,  but  only  at  a 
few  localities. 

Near  the  road,  6  miles  north  of  Burnsville,  in  Yancey  County,  it  is 
associated  with  mica,  garnet,  etc.,  as  one  of  the  constituents  of  a  strati- 
fied rock  ;  it  occurs  in  a  trap  near  the  Tuckasegee  Ford,  half  a  mile 
from  the  Catawba  Biver,  on  the  road  to  Charlotte,  in  Mecklenburg 
County ;  also  at  Shiloh  Church  in  Granville  County,  and  in  large  crys- 
tals in  the  heavy  trap  on  Toe  Biver  below  Bakersville,  Mitchell  Coanty. 
The  latter  locality  furnishes  specimens  which  show  slightly  the  play  of 
bluish  colors.  It  is  one  of  the  constituents  of  the  cryptocrystalline  trap- 
rock  found  throughout  the  State. 
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In  snow  white  and  bluish  white,  cleavable  masses,  showing  finestrisB 
npon  the  cleavage  planes,  associated  with  black  hornblende  or  arfved- 
sonite  at  the  Cnllakenee  mine,  Claj'  County ;  and  from  the  same  local- 
ity as  a  very  fine-grained,  white  feldspar  associated  with  zoisite  and  mar- 
garite,  and  like  the  latter,  resulting  from  the  alteration  of  corundum. 
Both  have  been  analyzed — the  first  by  G.  A.  Koenig  (I),  the  latter  by 
T.  M.  Chatard  (II) : 


1 

I. 

II. 

Su  at.   

2-611 

2-610 

Silica 

57  29 
26  52 
0-21 
015 
7-80 
6-75 
0-33 
143 

58-41     i 

AliiniiDa. 

25-93 

Ferric  oxide 

0-38    . 

Maeueoift 

"    1 
0  18 

Lime -. 

5-H2 
6-45 
2-,0 
0.93 

Soda 

Potash 

L0H8  bv  iffDiiion •. 

100-48 

110-20 

There  are  similar  white  feldspars  at  the  Hogback  mine  in  Jnckson 
County,  and  at  the  Culsagee  mine  in  Macon  County,  which  may  belong 
here.    No  others  have  been  analyzed. 

OUGOCLASR. 

A  fine-graine*),  grayish  white  feldspar,  through  which  minute  parti- 
cles of  black  tourmaline  are  disseminated,  occurs  in  considerable  quan- 
tities at  Culsagee,  Macon  County,  and  at  the  Carter  mine,  in  Madison 
County.  In  1887,  at  the  Hawk  mica  mine  near  Bakersville,  a  peculiar 
transparent  oligoclase  was  discovered.  It  was  of  a  faint  greenish  tint, 
and  clear  enough  to  cut  small  gems ;  in  fact,  it  resembled  glass  more 
than  it  did  feldspar,  especially  as  it  contained  stellate  tufts  of  microliths. 
Analyses  as  follows : 

I.  From  Culsagee,  by  J.  L.  Smith. 
II.  From  Culsagee,  by  Harry  M.  Keller. 

III.  From  Bakersville,  by  F.  W.  Clarke. 

IV.  From  Bakersville,  by  B.  8.  Sperry, 


I. 

64-12 

24  20 

014 

II. 

63-32 
2519 

III. 

62  92 

25-32 

trace 

trace 

403 

618 

0-96 

0-25 

IV. 

62.60 

23-52 

008 

4-47 
8  62 
0  56 
0-10 

Silica 

Alamina 

JPerrio  oxide 

M  anffanese  oxide 

Lime 

2-80 
9-28 

501 
8-02 
025 

Soda 

Potash 

Imition 

100-54 

101-79 

99-66 

1 

99  95 

Sp.  gr.  of  the  BakersTille  mineral,  2-651. 
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A  beaatifnl  variety  of  "saiistone"  oligoclase  bas  been  found  by  Mr. 
J.  A.  D.  StephenHon  near  Statesville,  Iredell  County,  aasociated  with 
yellowish  white  titanite. 


ALBITE. 


It  is  found  in  large,  cleavable  masses  of  a  white  color,  at  Point  Piz 
ele,  Mitchell  County,  showing  upon  the  cleavage  planes  wore  or  less 
distinct  striation.  I  had  it  analyzed  in  the  laboratory  of  the  University 
of  Pennsylvania  by  Frank  Julian  (I),  (see  below).  Sp.  gr.  2*638.  There 
are  probably  many  of  the  white  and  grayish  or  brownish  white  striated 
feldspars  from  mica  mines,  such  as  from  the  Gibbs  mine,  South  Toe 
Biver,  Tancey  County ;  the  Flat  Bock  mine  and  the  Buchanan  mine,  in 
Mitchell  County ;  Ainslie's,  in  Jackson  County ;  and  Thorn  Mountain 
mine,  in  Macon ;  and  many  others,  which  belong  to  this  species  or  to 
oligoclane,  which  can  be  distinguishe<l  only  by  analysis.  An  inter- 
esting occurrence  is  that  at  the  Presley  mine,  Haywood  County,  where 
it,  together  with  muscovite,  results  from  the  alteration  of  corundum. 
Small  white  granular  cleavable  albite,  and  also  compact  masses,  have 
been  found  at  the  Steele  mine,  Montgomery  County,  associated  with 
prochlorite,  gold,  pyrite,  sphalerite,  etc.  Finely  crystallized  at  the 
Emerald  mine,  in  Alexander  County. 

Some  of  the  granitic  rocks  3  miles  west  of  Leasburg,  Caswell  County, 
contain  small  grains  of  a  triclinic  feldspar,  which  may  be  albite. 

The  compact  grayish  white  variety  from  the  Steele  mine  has  been 
analyzed  by  Geo.  J.  Popplein  (IT) : 


[. 

67-51 
l!0-4e 
trace 

0-34 

8-08 

915 

trace 

II. 

Silica 

00-29 
19-68 
4^63 
trace 
0-23 
1-83 
900 
1-71 
1-20 

Alumina 

Ferric  oxide ^ 

Manganeee  oxide 

M  agn  esia 

Lime 

Soda 

Polaab 

Loes  by  iiniitioQ 

100-54 

90  45 

ORTHOGLASE. 


This  is  one  of  the  most  widely  distributed  minerals  in  the  State, 
forming  an  essential  constituent  of  all  the  granite,  gneiss,  etc.  It  is 
found  in  beautiful  crystals  in  a  band  of  porphyritic  granite,  near  Salis- 
bury, Rowan  County;  the  High  Shoals  and  White's  mill,  in  Gaston 
County;  and  on  Hitchcock's  Creek,  and  elsewhere  in  Richmond 
County;  also  in  the  "chesterlite"  form  at  Silver  Hill,  associated  with 
pyromorphite  and  quartz.    Cleavable  masses  of  orthoclase  are  found 
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at  Roup's  farm,  near  Statesville,  and  near  Belt's  Bridge,  Iredell 
Coaaty.  A  pecaliar  variety  with  satiny  Inster  upon  the  cleavage  planes 
oocars  in  Clay  Gounty,  near  Gallakenee.  Large  lamellar  masses  of  a 
white,  grayish  or  reddish  color  occur  at  Ray's  mine,  Yancey  Goanty ; 
at  Flat  Bock,  Blalock's,  and  near  Bakersvilie,  in  Mitchell  Gounty ;  also 
in  Galdwell  Gounty;  at  Hampton's  Mining  Greek,  near  Burnsville, 
Yancey  County ;  on  Sngartown  Turupike,  10  miles  from  Franklin;  at 
the  Whiteside  Mountain,  in  Macon  Gounty ;  on  French  Broad  River, 
in  Madison  Gounty;  and  in  the  mica  mines  everywhere.  The  Burnet 
mica  mine,  Buncombe  Goanty,  furnished  the  museum  with  a  crystal 
weighing  800  pounds.  The  peculiar  compact  variety  of  orthoclase 
which  is  spotted  with  hydrated  sesquioxide  of  manganese,  the  so-called 
^^leopardite,"  is  found  near  Gharlottc,  Mecklenburg  Gounty,  and  also 
in  Gaston  Gounty.  It  is  a  variety  of  porphyry  with  crystals  of  quartz 
disseminated  in  it.  I  have  made  an  analysis  of  the  feldspathic  con- 
stituent, which  has  a  yellowish  white  color  and  a  cryptocrystalline 
structure  (I).  Miss  Mary  T.  Lewis  has  analyzed  in  the  laboratory  of  the 
University  of  Pennsylvania  the  orthoclase  from  Houp's  farm,  Iredell 
Goanty  (II). 


SiUca 

Alnmina. . . . 
Ferric  oxide 
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Lime 
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Potaeh 
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75-02 
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TOURMALINB. 

The  tourmalines,  found  in  many  localities  in  North  Garolina,  are 
mostly  of  the  black  variety.  A  small,  well  terminated,  transparent  green 
crystal  was  found  by  Gol.  Mills  on  Silver  Greek,  Burke  Gounty ;  also 
a  black  crystal  4  inches  long,  embedded  in  a  green  beryl  crystal.  Grys- 
tals  of  from  1  to  2  inches  in  sizt*  have  been  found  near  Mountain  mine, 
Gleveland  Gounty ;  on  Upper  Little  River,  Galdwell  Gounty ;  at  Hang- 
ing Dog  Greek,  in  Gherokce;  and  in  Rutherford,  Mecklenbarg,  Yancey, 
Mitchell,  Macon,  Haywood,  Transylvania,  Polk,  Buncombe,  Galdwell, 
Stokes,  Johnston,  Wake,  Granville,  and  other  counties.  In  beautiful, 
well  terminated  crystals  of  2  to  3  inches  in  length  it  is  foand  in  the  South 
Mountains  16  miles  southeast  of  Morganton,  in  Burke  Gounty ;  also 
near  King's  mill,  Iredell  Gounty ;  and  at  Warren's,  near  Salem  Church ; 
and  at  John  Lackey's  and  Isaac  Price's,  on  the  White  Plains,  Alex- 
ander Gounty.  In  slender  black  crystals,  often  radiating  and  needle- 
shaped,  frequently  flattened  between  the  plates  of  \!ivv&^!^V\Vftk^  NXk  v^ 
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foonci  at  Kay's  mino,  near  Bamsville,  where  also  agreenish  and  yellow- 
ish greeu,  fibrous,  and  finely  columnar  variety  occurs.  It  is  frequently 
and  in  large  masses  associated  with  the  corundnm  of  Gulsagee  mine, 
in  Macon  County.  At  the  Gullakenee  mine,  Clay  County,  it  is  fouDd 
in  small  quantity ;  also  at  the  Hogback  mine,  Jackson  County,  and  with 
the  corundum  and  musoovite  at  Belt's  Bridge,  in  Iredell  County.  A 
large  outciop  of -fibrous  and  granular  tourmaline,  with  quartz,  is  found 
about  two  hundred  yards  northeast  of  the  Ellison  mine,  on  the  High 
Shoals  property,  in  Gaston  County,  and  a  peculiar  finely  striated  va- 
riety, with  quartz,  at  Clubb's  Mountain;  similar  finely  fibrous,  wood- 
like masses  occur  at  Leasburg,  Caswell  County,  and  in  Wake.  It  has 
also  been  observed  in  the  gold  bands  from  Burke  County.  Tourmaline 
rock  and  slate  have  been  noticeil  at  Kernersville,  Guilford  County ;  at 
Bee  Bock,  head  of  Turkey  Creek,  in  McDowell  County  ;  nt  Jeanstowu, 
Rutherford  County,  6  miles  south  of  Asheville,  on  the  Hendersonville 
road,  and  in  Cleveland  County. 

At  the  Emerald  and  Hiddenite  mine,  in  Alexander  Connty,  Mr.  W. 
B.  Hidden  found  some  brilliant  black  crystals  of  tourmaline  with  fine, 
polished  terminations.  An  analysis  of  this  tourmaline,  made  by  K.  B. 
Riggs  in  the  laboratory  of  the  U.  S.  Geological  Survey,  gave  results  as 
follows : 

Silica 35-56 

Alamioa 33-38 

Ferrous  oxide 8-49 

Titanic  oxide 0-55 

Manganoos  oxide 0*04 

Lime ' 0-53 

Magnesia 5*44 

Soda 2*16 

Potash 0*24 

Water 3-63 

Boric  oxide 10-40 

100-42 
Sp.  gr.,  3'13. 

FIBROLITR. 

A  reddish  white,  finely  fibrous  mineral,  with  silky  luster,  from  Ma- 
con County,  probably  belongs  to  this  species. 

A  very  interesting  occurrence  of  tibrolite  has  lately  been  discovered 
near  Shonp's  ford,  in  Burke  County,  where  it  is  the  result  of  the  alter- 
ation of  corundum  and  envelops  a  core  of  the  original  mineral.  The 
fibrolite  may,  in  part,  have  been  changed  into  muscovite,  as  it  occurs 
in  the  micaschist  of  the  neighborhood  in  small,  needle-shaped  crystals. 
A  mineral  resembling  fibrolite  is  found  in  quartz  in  the  gold  gravel  of 
Burke  and  McDowell  Counties. 

CYANITE. 

This  is  one  of  the  characteristic  accessories  in  many  of  the  mica  and 
lior/j  blende  schists  of  Macon,  Hay  wood,  Transylvania,  Yancey,  Mitchell, 
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Caldwell,  Catawba,  Gtaston,  and  otber  counties,  and  is  generally  of  a 
grayish  white  or  gray  color,  and  in  imperfect  crystals.  Fine  crystals 
occar  at  Clubb's  and  Crowder's  Mountains,  Oaston  County ;  coarsely 
bladed  masses  of  a  blue  and  greenish  color  at  Swannanoa  Gap,  Bun- 
combe County ;  also  near  Bay's  mica  mine,  on  Hnrricane  Mountain,  and 
elsewhere  in  Yancey  County ;  Mitchell,  Cherokee,  and  Wilkes  counties; 
six  miles  east  of  Danbury,  in  Stokes  County;  and  near  Davidson  College, 
Mecklenburg  County.  In  blue  and  white  bladed  crystals  in  quartz  at 
Hoover's  farm,  6  miles  southwest  of  Statesville;  also  in  gravel  near 
Statesville,  Iredell  Count}'.  A  grayish  white,  radiating  cyanite  is 
found  at  Ararat  Kiver,  4  miles  southeast  of  Mount  Airy,  in  Surry 
County,  and  a  white  cyanite  at  the  foot  of  Barnett's  Mountain,  in  Per- 
son County.  Cyanite  also  occurs  on  Valley  Biver,  in  Cherokee;  at 
Tipton's,  in  Cla^^  County  ;  in  quartz  at  the  head  of  Jonathan's  Creek,  in 
Haywood  County ;  on  Bear  Creek,  in  Madison  County;  at  the  Buchanan 
mine.  Mitchell  County ;  in  the  northwest  corner  of  Wake  Cpunty,  and 
in  Moore  and  elsewhere.  At  Hunting  Creek,  north  of  Statesville, 
rhetizite  in  columnar  and  radiating  masses  is  found,  resulting  from  the 
alteration  of  corundum.  On  Yellow  Mountain,  near  Bakersville,  cya- 
nite occurs  in  very  deep  blue  crystals,  equal  in  color  to  the  finest  sap> 
phire.    Fine  gems  have  been  cut  from  this  mineral. 

The  white  cyanite  associated  with  the  lazulite  of  Clubb's  Mountain 
has  been  analyzed  by  Smith  and  Brush  (I) ;  and  a  brownish  white 
variety  from  the  gravel  near  Statesville  (II)  was  analyzed  by  myself: 


I. 

II. 

Igoition • 

0*38 

Silica 

37«0 

eo*40 

l-flO 

36*85 

Alamina 

63*15 

Ferric  oxide 

trftoe. 

MflO 

100  38 

At  many  localities,  notably  in  Cherokee  County,  cyanite  occurs 
largely  altered  into  a  fine,  scaly  muscoVlte. 


TOPAZ. 


Topaz  is  reported  as  occurring  at  Crowder's  Mountain,  but  it  is  very 
doubtful ;  crystals  from  there,  which  were  considered  topaz,  are  cya- 
nite.  The  variety  pycnite  occurs  in  finely  columnar  aggregations  of  a 
yellowish  and  brownish  yellow  color,  associated  with  garnets,  near 
White's  mill,  Gaston  County. 


RUCLA8E. 


Gen.  Clingman  mentions  a  very  handsome  crystal  of  this  rare  mineral 
from  the  gold  mine  of  the  late  Morril  Mills,  in  the  eastern  part  of  Polk 
Oounty. 
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TITANITK. 

Gen.  Glingman  meDtions  titanite,  or  sphene,  as  occarring  iu  Ban- 
combe  County.  I  have  observed  it  at  Morgauton  Springs,  Burke 
County,  in  minute  brown  crystals ;  in  hornblende  slate  and  in  granite 
at  White's*  mills,  in  Gaston  County ;  at  Rogers's  ore  bank,  near  Dan- 
bury,  iu  Stokes  County;  and  on  Hurricane  Mountain,  Yancey  County, 
To  this  species  probably  belongs  Prof.  Shepard's  very  doubtful  species, 
pyromclane,  from  the  gold  washings  of  McDowell  County.  Hidden  re- 
ports titanite  also  in  Alexander  County. 
'  Shepard's  xanthitane  (q.  v.)  is  an  alteration  of  titanite  from  Green 
Biver,  in  Henderson  County.  It  often  contains  unaltered  titanite  as  a 
nucleus. 

I  have  analyzed  a  yellowish  white  titanite  which  occurs  near  States- 
ville,  Iredell  County,  in  mica  schist,  associated  with  sunstone  oligoclase. 
The  crystal  was  15mm.  broad  and  2mm.  thick.  Sp.  gr.,  3'477.  It  con- 
tained— 

Silica 29-45 

Titanic  oxide :«-33 

Fetric  oxide 1*61 

Manganons  oxide  ....• trace 

Magnesia trace 

Lime 2911 

Lobs  by  ignition 0*60 

99-10 

8TAUROLITE. 

Very  large,  brownish  red  crystals,  from  2^  to  3  inches  in  length  and 
1  to  1^  inches  wide,  single  individuals  as  well  as  twins,  occur  at  tbe 
Parker  mine,  in  Cherokee  County.  There  are  many  otlier  localities  iu 
Cherokee  and  Macon  Counties  where  it  occurs  abundantly  in  argilla- 
ceous and  talcose  slates,  as  on  Persimmon  Creek  and  Hanging  Dog 
Creek  ;  on  Bear  Creek,  Madison  County,  and  Tusqulttali  Creek,  in  Clay 
County.  It  is  found  in  very  small  quantity  with  corundum  and  chlorite 
in  small,  reddish  brown  grains  of  vitreous  luster,  but  without  distinct 
form,  at  the  Culsagee  mine,  Macon  County.  Tbey  have  a  sp.  gr.  of 
3*711.    An  analysis  which  I  have  made  gave — 

»Silica 27-91 

Alamina 52*92 

Ferric  oxide 6-87 

FertvOiis  oxide : 7-80 

Magnesia 3*28 

Lime  and  raanganons  oxide : traces 

Ignition  (vyater) 1*59 

100-37 
HTDROVS  SILICATES. 

CHRYSOCOLLA. 

Inferior  specimens,  generally  ranch  mixed  with  other  copper  ores, 
have  been  observed  at  many  of  iW.  eovpe^  mm^^\  ^«t  \\v&\a»u<ie^  at  the 
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Gardner  Hill  and  Cambridge  mines  in  Guilford  County,  the  Pioneer 
Mills  in  Cabarrus  County,  the  Gillis  mine  and  at  Mill  Creek  in  Person 
County,  Northingtou's  dam  in  Harnett  County,  Wolf  Greek  mine  in 
Jackson  County,  at  Welch's  in  Moore  County,  at  Grupy  mine  and  else- 
where in  Eowan  County,  near  Elkin  in  Surry  County,  the  Hopewell  in 
Mecklenburg  County,  at  the  Clegg  mine  and  at  Snipes'  iron  mine  in 
Chatham  County,  Gap  Creek  mine  in  Ashe  County,  and  many  other 
places. 


CALAMINE. 

The  only  specimen  of  calamine  which  I  have  observed  came  from 
Silver  Hill,  Davidson  County,  where  it  occurs  sparingly  as  an  incrusta- 
tion of  fibrous  and  radiating  structure  upon  argentiferous  galenite. 

TALC. 

Resulting  from  the  alteration  of  chrysolite,  foliated  talc  of  a  white 
or  greenish  white  color  is  found  in  many^  of  the  chrysolite  beds  west 
of  the  Blue  Rid^e;  at  Shooting  Creek,  Clay  County;  Culsagee,  Msicon 
County;  Webster,  Ja<3kson  County;  Hampton's,  Mining  Creek,  and 
Young's,  on  South  Toe  River,  Yancey  County;  near Bakersville,  Mitch- 
ell County,  and  other  localities;  in  sheets  of  three-quarters  to  one  inch 
in  thickness  and  of  a  somewhat  columnar  structure  near  Pilot  Moun- 
tain, and  near  Dobson,  Surry  County ;  fibrous  talc  with  silky  luster 
and  of  a  white  or  green  color,  also  compact  crystalline  white  talc  with 
a  splintery  structure,  on  Valley  River,  Cherokee  County,  and  in  Macon 
County.  Talcose  slate  and  coarse  soapstone  are  found  in  many  local- 
ities throughout  the  State ;  it  has  been  noted  in  some  thirty  coun- 
ties :  for  instance,  near  Belt's  Bridge,  Iredell  County ;  in  the  South 
Mountains  of  Burke  County ;  in  Caldwell ;  in  Haywood  County ;  near 
Waynesville;  in  the  north  of  Wake  County,  etc  I  have  analyzed  a  speci- 
men from  Webster,  Jackson  County  (I),  and  Mr.  J.  B.  Adger  has  an- 
alyzed a  compact,  faintly  greenish  variety  found  d  miles  from  the  mouth 
of  the  Nantahala  River  (II),  as  follows : 
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PYROPHYLLITE. 

In  white,  yellowish,  greenish,  and  brownish  white,  stellate  aggrega- 
tions, and  in  fibrous  and  radiated  masses  at  Cotton  Stone  Mountain, 
Montgomery  Oounty;  also  at  Pilot  Knob,  Randolph  County;  David- 
son College,  Mecklenburg  County;  Hillsboro,  Orange  County;  on  Bow- 
lings Mountain,  in  southern  Granville  County,  in  great  abundance; 
Crowder's  and  Clubb's  Mountains,  in  Gaston  Connty ;  and  on  Linville 
Mountaini  McDowell  County.  The  slaty  variety  forms  large  beds  of 
yellowish  white  or  greenish  color  in  Chatham,  Moore,  and  Orange 
Counties. 

A  schistose  imperfectly  lamellar  variety  from  the  Deep  Biver  has  been 
analyzed  by  Samuel  T.Tyson  (1),  and  a  similar  one,  of  a  somewhat 
whiter  color,  from  Carbonton,  by  O.  D.  Allen  (II) : 
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8TILPNOMELANB  (f). 

A  mineral,  similar  to  stilpnomelane,  has  been  found  in  compact 
greenish  black  masses  at  the  Cosby  mine,  Cabarrus  County. 

GLAUCONITE. 

The  green  grains  forming  one  of  the  constituents  of  many  of  the  so* 
called  marl  beds  in  the  eastern  part  of  the  State  are  glauconite.  It 
occurs  in  most  of  the  counties  of  that  section  south  of  Tar  Biver. 


SBRPENTINB. 


The  massive  varieties  are  found  in  many  localities.  The  best  appears 
to  come  from  the  neighborhood  of  Patterson,  Caldwell  County.  It 
has  a  dark,  greenish  black  color,  contains  fine  veins  of  the  yellowish 
green,  fibrous  and  silky  cbrvsotile,  and  admits  of  a  fine  polish;  greenish 
gray,  massive  serpentine,  also  with  seams  of  greenish  and  grayish  white 
chrysotile,  is  found  at  the  Baker  mine  in  Caldwell  County,  at  which 
pUice  are  also  found  the  varieties  marmolite  and  picrolite;  this  last  also 
occurs  abundantly  in  the  Buck  Creek  corundum  mine,  Clay  County'. 
Dark  green  serpentine  bus  been  observed  in  the  neighborhood  of  Asia- 
ville  in  Buncombe  County,  and  in  Forsythe  ami  Wake  Counties.  A 
grayish  or  yellowish  green  serpentine  occurs  in  Caldwell,  Wilkes,  Surry, 
Yancey,  Stokes,  Orange,  and  Wake  Counties,  and  in  the  chrysolite 
beds  of  Macou,  Jackson,  Yanct^y ,  MVA:i\i^\\)^v)(X;^\i%a>^B^^      and  other 


OKNTII  ] 


SILICATES — DEWEYLITE,    CEBOLITE,    ETC. 


63 


counties;  it  results  from  the  decouipositioo  of  the  chrysolite,  which| 
however,  is  not  always  complete  and  gives  rise  to  intermediate  stages, 
in  which  we  have  to  deal  with  mixtures  of  both  species.  Such  a  mix- 
ture from  the  Gnllakenee  mine,  Clay  County,  has  beeu  analyzed  by  me 
(I),  also  a  compact  massive  serpentine  resembling  the  variety  williams- 
ite,  from  the  chrysolite  beds  of  Webster  (II). 

The  picrolite  from  Buck  Creek  has  been  recently  analyzed  by  Dr.  E. 
A.  Schneider,  of  the  Geological  Survey  (III),  who  has  also  analyzed  an 
alleged  deweylite  from  Corundum  Hill  (lY),  which  proves  to  be  only 
serpentine : 


I. 

U. 

in. 

IV. 
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3510 
0-64 

43-87 
0-81 

42^04 
1-72 
3-33 
1-88 
0-01 
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Tfliric oxidft  .......r.r 
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Mnniruiette  oxide  tt^ r 

'MftimMiiA 

40-00 

86-53 

4016 
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100-00 

100-38 

100-22 

00-04 

DKWSTUTE. 


This  mineral  is  found  in  all  the  chrysolite  beds  of  the  western  coun- 
ties, in  yellowish  and  greenish  masses,  in  thin  veins  or  seams  through 
the  decomposed  rocks. 

For  the  supposed  deweylite  of  Corundum  Hill  see  serpentine. 


CEROLITS. 


In  small  veins  or  seams  in  decomposed  chrysolite  at  Culsagee  mine, 
Macon  County,  forming  white  or  yellowish  masses.  It  has  not  been 
c^ualyzed. 


GENTUITE. 

In  amorphous  apple-green  coatings  upon  decomposing  chrysolite,  at 
Webster,  Jackson  County,  sparingly  at  the  Culsagee  mine,  Macon 
County,  and  also  on  Ivy  Biver,  Buncombe  County. 

KAOLINITB. 

Snow-white  kaolin  is  found  as  the  result  of  the  decomposition  of 
orthoclase  at  most  of  the  mica  mines  in  Mitchell,  Yancey,  Macon,  Ashe, 
and  other  counties.  Good  qualities  are  found  6  or  7  miles  from 
Newton,  Catawba  County ;  also  in  Lincoln,  Burke,  and  many  other 
counties.  Clay  for  firebricks  and  earthenware  occurs  in  man^  Vys^^-- 
ties  throughout  the  State. 
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BAPONITK. 

Found  in  Mitchell  County,  dear  Bakersville,  in  tbe  *  cavities  of  the 
cellular  hornstone  of  the  chrysolite ;  popularly  known  as  mountain  tal- 
low.   Has  not  been  analyzed. 

HALLOY8ITB. 

Found  near  Salem,  Iiorsyth  County  -,  is  of  an  olive  green  color  and 
waxy  luster.    The  variety  lithomarge  occurs  in  Burke  County. 

A  white,  compact  halloysite  from  Chatham  County,  analyzed  by  my- 
self, gave : 

Water 17-78 

Silica 44-40 

Alamina 30-88 

Ferric  oxide 0*95 

100-01 

FINITE. 

This  mineral  is  found  as  a  light  gray  topale  or  dull  greenish  coating 
m  the  joints  and  seams  and  between  the  laminse  of  the  couglomeritic 
and  felsitic  slates  of  the  Huronian  series  in  the  middle  counties,  and 
also  in  the  granulites  of  the  Blue  Eidge.    Has  not  been  analyzed. 

PARAGOXITB.* 

Is  found  in  the  so-called  talcoid  and  talco -micaceous  schists  of  the 
Piedmont  section,  especially  in  Burke,  Caldwell,  and  Catawba;  it  is  a 
common  constituent  of  the  soft  brown  and  purple  schists  so  common 
as  to  be  characteristic  of  the  region.  It  is  also  to  be  seen  at  Round 
Knob,  in  McDowell,  in  the  altered  schists  and  slates  exposed  in  the 
railroad  cuts,  in  similar  rocks  in  Wake  County,  near  Ealeigh,  and  in 
many  other  localities.    Das  not  been  analyzed. 

HI8INGERITE   (f). 

The  chloritic  dust  which  coats  the  mica  and  dolomite  of  the  Emerald 
and  fliddenite  mine,  in  Alexander  County,  probably  belongs  to  this 
species.    Partial  analysis  by  F.  W.  Clarke : 

Ignition 20-50 

Silica '. ...  31-16 

Alnmina 8-06 

Ferric  oxide ,.  35-86 

Magnesia 5*43 

101-01 

The  iron  is  undoubtedly  present  chiefly,  but  not  wlioUy,  as  ferrou;s 
oxide;  and  the  alumina  is  due  to  admixed  mica.  Very  little  material 
was  available  for  the  analysis. 

'The  ■pedes  saponite,  pinito,  aud  paragonite  .ire  in«erted  upon  the  authority  of  the  late  Pnrf'.  W* 
V*  Kerr,    The/  need  further  ioveetigatioQ. 
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CULSAGEEITE. 

The  Aineral  which  I  had  described  as  jefferisite  from  Gulsagee,  has 
been  distlDgaished  by  Prof.  Josiah  P.  Gooke,  jr.,  as  culsageeite.  It 
occurs  in  broad  laminse  or  plated  masses  of  a  yellowish  brown  color, 
sometimes  4  or  5  inches  in  diameter,  which  when  heated  exfoliate  in  a 
remarkable  manner.  It  is  also  found  at  the  same  locality  in  greenish, 
or  brownish,  yellow  scales,  not  over  one-eighth  of  an  inch  in  diameter. 
Both  varieties  have  been  analyzed,  the  former  by  Geo.  A.  Koenig  (I), 
the  latter  by  Thos.  M.  Ghatard  (II).  J.  P.  Gooke,  jr.,  has  also  analyzed 
the  large  plates,  but  his  analyses  represent  the  mineral  after  having 
been  dried  at  100°  G.  (212°  F.)  by  which  operation  it  lost  from  10-19  to 
10-27  per  cent  of  water. 


1. 

II. 

III  (dried). 

Sd.  ffT...... ........................ ........ 

2225 

Kry.  ^»  .....a  ...... ...B........ ...........  ... 

Silica 

33  93 

17-38 

6-42 

050 

0-35 

23-43 

1917 

34-00 

20  36 

491 

0-42 

057 

21-71 

1850 

37-58 

19-73 

505 

058 

Alnniiiia 

Forric  oxide 

FeiToas  oxide 

Nickeloaft  oxide 

Ma^eeiA 

2513 
11-09 

Water 

10018 

100  47 

100  06 

It  likewise  occurs  on  Ivy  River  near  Garter's,  Buncombe  Gounty, 
at  Garter's  mine,  Madison  Gounty,  and  in  Henderson  Gounty,  at  Gole« 
man's  Station. 

KERRITE. 

Gonsists  of  innumerable  fine  scales  of  pale  greenish  yellow  color  and 
pearly  luster.  Exfoliates  when  heated,  but  less  so  than  cnlsageeite. 
From  the  Gulsagee  mine. 

Analyses  (I)  by  T.  M.  Ghatard,  mean  of  two ;  and  (II)  by  B.  A, 
Schneider : 


8p.  «r 

SOica 

Alumina 

Ferric  oxide . . 
Ferroua  oxide. 
Niokel  oxide.. 
Cobnlt  oxide  .. 

Magnesia 

Water 


I. 


2-303 


38  29 

11-41 

1-95 

032 

9.25 


26-40 
21-25 


99-87 


\ 


II. 


3813 

11-22 

2-28 

018 

0-48 

trace 

27-30 

20-47 


10Q-1& 


fiulh  74 9 


\ 
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MACONITE. 

Closely  resembles  fine,  scaly  culsageeite.  Dark  browu,  witfi  pearly 
lanter,  incliuiiig  to  submetallic.  Largely  exfoliating,  when  heated. 
Numerons  fragmeuts  of  blaish  gray  corundum  are  embedded  in  it. 

The  carefully  selected  pure  scales  were  analyzed  by  Thos.  M.  Ghatard, 
who  found  as  the  mean  result  of  two  analyses: 

Silica 34-22 

Alumina 21-53 

Ferriooxide 12-41 

Ferroas  oxide 0*32 

Niokel  oxide 0*12 

Magnesia 14*46 

Lithia trace 

Soda 0-51 

Potash 5-70 

Water 11-85 

10112 
8p.  gr.,  2-827. 

LUCA81TE. 

Similar  to  culsageeite  in  appearance,  yellowish  brown  in  color,  and 
made  up  of  small  folia),  not  over  2mm.  in  diameter;  also  compact  and 
disseminated;  basal  cleavage  eminent;  luster  submetallic,  somewhat 
greasy;  exfoliates  much  on  ignition;  found  associated  with  grass-green 
actinolite  at  Corundum  Hill,  Macou  County;  described  by  Dr.  T.  M. 
Chatard,  whose  analysis  is  as  follows: 

Water,  expelled  at  110^  C 3-78 

Water,  at  red  heat 6-96 

Silica 31-81 

Alumina 12*99 

Chromic  oxide 0-54 

Ferric  oxide 5*29 

Ferrous  oxide 0-11 

MangauouB  oxide 0-05 

Magnesia 24*83 

Lime 014 

Soda 0-20 

Potash 5-76 

100-48 

PENNINITK. 

The  variety  kammererite,  in  violet  and  peach-blossom  red  scales, 
is  associated  with  chromite  at  Culsagee  in  Macou  County,  Webster  in 
Jackson  County;  Hampton's,  Mining  Creek,  Yancey  County;  Kich 
Mountain,  Watauga  County,  etc.;  three-sided  and  six-sided  plated 
crystals  of  a  dark  greenish  and  purplish  color,  associated  with  talc, 
etc.,  in  the  chrysolite  beds  at  the  same  localities;  also  at  Bakersville, 
Mitchell  County,  and  Scott's  Creek,  Jackson  County. 


GBMTB.) 


SILICATES — PROCHLORITE   AND   CHLORITE- 


67 


PROCHLORITB  (AND  CHLORITE). 

Fine-grained,  scaly  prochlorite,  of  a  dark  green  color,  rarely  in  worm- 
like aggregations,  is  foand  associated  with  an  albitic  rock,  from  an 
alteration  of  which  it  has  resulted,  at  the  Steele  mine,  Montgomery 
County.  At  the  Culsagee  mine,  prochlorite  occurs  as  the  result  of  the 
alteration  of  corundum,  often  showing  the  form  and  containing  yet  a 
core  of  the  original  mineral.  Frequently  the  corundum  has  first 
changed  into  spinel  and  the  latter  has  subsequently  been  altered  into 
prochlorite,  but  in  either  case,  where  it  touches  the  original  mineral, 
it  is  frequently  of  a  fine,  scaly,  pseudo-fibrous  structure  and  becoming 
more  laminated  at  a  greater  distance.  But  this  is  not  always  the  case, 
as  very  often  broadly  foliated  prochlorite  is  in  imniediate  contact  with 
corundum.  Both  the  laminated  and  fine  scaly  form  beds  of  consider- 
able size.  Under  similar  circumstances  it  is  found  at  the  Hogback 
mine  in  Jackson  County,  at  Shooting  Creek  in  Clay  County,  near  Mar- 
shall, at  the  Carter  mine  in  Madison  County,  and  at  many  other  corun- 
dnm  mines.  / 

The  so  called  corundophilite  of  Shepard,  which  was  established  by 
him  on  the  prochlorite  of  Marshall,  has  no  existence  in  North  Caro- 
lina. Chlorite  in  scales  and  scaly  aggregations  is  found  in  many  of 
the  gold  and  copper  mines  in  the  State,  and  chloritic  slate  at  many 
localities  throughout  the  whole  slate  belt,  and  in  many  counties  out- 
side of  it,  both  in  the  Hnronian  and  Montalbau  rocks. 

I  have  analyzed  the  broadly  foliated  dark  green  variety  (I),  and  the 
fine  scaly  variety  diverging  from  corundum  (II),  both  from  Culsagee; 
and  the  fine  scaly  prochlorite  from  the  Steele  mine  (III): 


SUloa 

AlnmiiiA. 

Ferrio  oxide 

Ferromi  oxide 

Kickeloas  oxide   > 

Kanganouft  oxide > 

Macmeeia 

Water 


I. 


27  56 

22-75 

2-66 

5-43 

0-30 

28-47 
13-80 


100-87 


II. 


20-48 

22-22 

0-70 

530 

0-11 

017 

30-90 

11-63 


100-00 


III. 

24-90 

21*77 

4-60 

24-21 

115 
12-78 
10-58 


100-00 


Analyses  of  other  specimens  from  Culsagee,  made  by  Thos.  M.  Cha- 
tard  and  J.  L.  Smith,  gave  similar  results.  It  will  be  seen  from  these 
analyses  that  they  are  varieties  in  which  a  large  portion  of  the  ferrous 
oxide  is  replaced  by  magnesia. 

A  massive  chloritic  mineral  in  aggregations  of  minute  scales,  much 
resembling  thuringite,  has  been  found  at  Mount  Pisgah,  Iredell  County. 
I  have  made  an  analysis  of  it,  but  as  it  was  too  much  oxidized^  tV\!^ 
amount  of  ferrous  oj^ide  oouid  not  be  ascertam^  ^\\Xi  9ifiA!.\x\««^^  >  '^^^^ 
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therefore  a  doabt  exists  as  to  the  species  to  which  it  belongs.     The 
analysis  gave: 

Silica 24-22 

Alumina 19-34 

Ferric  oxide 17 '77 

Ferrous  oxide 20-98 

Manganous  oxide 0*07 

Magnesia 5*72 

Water 12-22 

100-32 

Several  other  chloritic  minerals  from  Corundum  Hill  have  been  ana- 
lyzed by  Dr.  T.  M.  Chafard  in  the  laboratory  of  the  U.  8.  Geological 
Survey,  but  microscopic  examination  would  be  necessary  to  establish 
identity  of  species. 

CHLORITOID. 

In  small  scales  of  a  greenish  black  color,  disseminated  through  slaty 
pyrophyllite,  from  Evans's  mill,  in  Chatham  County.  I  have  made  an 
analysis  of  the  carefully  purified  scales: 

Silica 2613 

Alumina 40*11 

Ferric  oxide 3*44 

Ferrous  oxide 23*01 

Manganous  oxide trace 

Magnesia 0*94 

Water 6  91 

100*54 
Sp.  gr.,  3*353. 

WILLCOXITE. 

Greenish  and  grayish  white  fine  scales  of  a  pearly  luster,  much  re- 
sembling talc,  occur  occasionally  as  the  result  of  the  alteration  of  corun- 
dum. One  specimen  from  Shooting  Creek,  Clay  County,  is  a  fragment 
of  a  semi-globular  mass  with  a  core  of  white  corundum ;  it  also  occurs 
in  small  quantity  at  Cullakeuee,  Clay  County,  and  probably  at  Culsagee, 
Macon  County. 

Both,  that  from  Shooting  Creek  (I)  and  that  from  Cullakenee  (II), 
have  been  analyzed  by  George  A.  Koenig: 


silica , 

AlnmiDft 

Ferric  oxide . . 
Ferrous  oxide 

Magnesia 

Lithia 

Soda 

Potash 

Water 


I. 

ir. 

28-96 

29  60 

37-49 

37  56 

1-26 

1-40 

2-44 

2-38 

17*35 

17-20 

trace 

trace 

6-73 

6*24 

2-46 

2-42 

400 

3*32 

100  CO 

10002 

OBMTH.] 
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MARGARITE. 

In  small  foliated  masses  of  silver- white  color  and  pearly  luster,  some 
of  tbe  folia  showiug  planes  of  crystals  associated  with  the  corundum 
at  the  Culsagee  mine  (I);  it  has  also  been  found  with  the  mass  of  blue 
corundum  found  at  Marshall,  Madison  County;  but  the  most  beautiful 
varieties  are  found  at  Cullakeuee,  Clay  County,  where  it  occurs  in  groups 
of  laminated  crystals,  sometimes  2  inches  long,  1|  wide,  and  five-eighths 
iuches  thick,  of  a  slightly  pinkish  white  color  and  pearly  luster  (11). 
These  groups  contain  sometimes  a  nucleus  of  corundum,  from  which 
they  are  derived.  The  second  variety  from  the  same  locality  occurs  in 
the  form  of  broad  laminae  of  a  pinkish  color,  intermixed  with  corundum 
and  associated  with  zoisite  (III) ;  a  third  variety  from  CuUakenee  is 
found  in  thin  seams  of  a  grayish  green  color,  whi^h  are  an  aggregate 
of  minute  pearly  scales  of  a  greenish  white  and  sea  green  color  (IV). 
It  is  found  rarely  in  Hogback  mine,  Jackson  County.  The  gray  corun. 
dum  from  Penland's,  Clay  County,  is  surrounded  by  a  white  and  yellow- 
ish white  cryptocrystalliiie  and  pseudofibrous  margarite,  and  a  similar 
incrustation  is  found  upon  the  blue  corundum  at  Crowder's  Mountain. 

A  peculiar  variety  of  soda  margarite,  of  a  compact  and  cryptocrys- 
talline  structure,  surrounds  the  hexagonal  corundum  crystals  from 
Hendrix's  farm,  near  Belt's  Bridge,  Iredell  County.  It  has  been  ana- 
lyzed in  the  laboratory  of  the  University  of  Pennsylvania  by  Frank 
Julian  (V).  I  have  analyzed  the  margarite  from  Culsagee  (I);  Thos. 
M.  Chatard  the  first  variety  (II),  and  I  the  second  (III)  and  third  (IV) 
varieties  from  CuUakenee : 


I. 
3-087 

II 

III. 
3055 

.IV. 

V. 

Sd.  er 

2990 

3064 

Silioa 

28  11 
4910 

29-34 
48-73 

30  72 
49-83 

29  63 

6119 

013 

0-59 

1*09 

11-28 

3310 
52-20 

trace 

8-44 

Alumina 

Chromic  oxide .. 

Ferrous  oxide 

0-43 
045 
1108 
0-45 
0-67 
0-22 
643 
3-31 

0-78 
0-78 
11-32 
trace 
2-61 
010 
C-55 

0-8t 
0-70 
10-84 
trace 
2-10 
0-26 
021 

Masneaia 

Lime 

LItbia 

Soda 

1-22 
0-20 
4-73 

260 

4-85 

Potash 

Water 

Corundum 

100-00 

10031 

100-21 

101-65 

101-18 

DUDLEYITE. 


Found  in  small  quantity  in  soft,  bronze  colored  or  brownish  yellow 
scales  with  pearly  luster,  slightly  exfoliating  when  heated.  They  are 
probably  the  result  of  the  alteration  of  margarite,  and  are  found  witVsL 
it  rarely  at  the  CuUakenee  mine,  Clay  County, 


70  THE   MINERALS   OF   NORTH  CAROLINA.  [Buu.fl. 

URANOTII.. 

About  one-third  of  the  so-called  ^'gammite"  is  an  admiztare  of 
nranotily  bnt  this  mineral  is  also  obtained  in  a  nearly  pure  state  by  the 
fnrther  decomposition  of  the  urauiuite  or  rather  gummite.  It  is  then 
fonnd  in  apparently  amorphons,  compact  masses,  without  or  with  a 
waxy  luster,  and  a  pale  straw  or  lemon  yellow  color ;  opaqne  and  of 
uneven  fracture ;  sp.  gr.  3.834;  iucrusting  the  gummite,  but  sometimes 
the  whole  mass  of  the  nodules  changed  into  uranotil. 

The  mean  result  of  two  analyses  which  I  made  is : 

Silica '. 13-72 

Uranic  oxide (i6-67 

Plambic  oxide 0-60 

Baryta 0-28 

Stiontia 0-13 

Lime 6*67 

Phoepboric  acid 0-29 

Water 12-02 

100-38 

From  the  Flat  Rock  mine,  Mitchell  County.  Found  also  with  gum- 
mite at  the  Deake,  Lewis  &  McHone  mines. 

The  late  Prof.  W.  O.  Kerr  also  reported  "  uranochre  '^  as  a  yellow  to 
orange  incrustation  from  Gibbs^s  mine,  Yancey  County,  and  the  Flat 
Rock  and  Buchanan  mines  in  Mitchell  County.  <^  Zippeite"  is  given 
by  him  on  the  authority  of  Julien  as  occarring  at  the  Higdon  mine, 
Macon  County.  Both  species  are  extremely  doubtful,  and  may  be  only 
varieties  of  uranite  and  phosphoranylite. 

THORITE. 

Identified  by  Penfield  both  microscopically  and  chemically  as  a  me- 
chanical admixture  in  the  monazite  sands  of  Brindletown,  Burke 
County. 

AUBRLITK. 

A  new  species  discovered  by  Hidden  and  Mackintosh  at  the  Zircon 
mine,  in  Henderson  County,  and  also  at  Price's  farm,  3  miles  south  west 
of  the  first-named  locality.  Color,  pale  yellow  to  orange  and  brownish 
red.  Hardness,  2-6  to  3;  sp.  gr.  4-4  to  4-766.  Very  brittle  and  easily 
crumbled.  Form  like  zircon,  and  the  crystals,  simple  in  habit,  are 
often  attached  to  zircon  in  parallel  position.  Twins,  like  those  of  zir- 
con, have  been  observed. 
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I. 

II. 

jll  21 

7«4 
7-46 
7013 
1-38 
0-49 
0-29 
MO 

III. 

WHter 

088 
100 

CarliODic  acid 

8-25 
7-.TO 

Silici  

PlMMvhorio  acid 

Thorium  oxide 

Ferric  oxi<le 

Lime 

Mi^j^fTeMiA ,. 

Alumina,  etc 

99-70 



The  leinoQ  yellow  variety  found  on  the  Price  laud  has  a  sp.  gr.  of 
4*03  to  4*08,  and  is  richer  in  phosphoric  acid  and  poorer  in  silica  than 
the  foregoing  mineral.  The  data  are  water,  10*64 ;  phosphoric  acid, 
8*58;  silica,  6*84.    The  thoria  determination  was  lost. 


XAKTIIITANK. 

Although  not  a  silicate  this  mineral  may  best  be  phiced  here.  It 
occurs  abundantly  in  the  Zircon  mine  at  Green  liiver,  Henderson 
County,  aud  is  a  yellow,  earthy  pseudomorph  after  titanit^.  The 
crystalline  form  is  often  well  shown,  and  the  xanthitane  frequently 
contains  an  unaltered  core  of  titanite,  from  which  mineral  it  has  been 
derived.    Analysis  by  L.  G.  Eakins: 

Water  lost  at  100^  C 602 

Water  lost  at  red  heat 9-92 

Silica 1-64 

Titanic  oxide 57-46 

Alumina 16*41 

Ferric  oxide 4*10 

Lime 0  84 

Magnesia trace 

Phosphoric  acid 3*81) 

ioo:w 

Si).  gr.,  2.941  at  24°  C. 

The  mineral  is  evidently  an  aluminous  clay,  containing  titanium  in 
place  of  silicon. 

TANTALATES,   COLUMBATES. 
PYROCHLOHK  OU  MICROLITR. 

Microscopic  brownish  yellow  or  honey  yellow  grains,  and  crystals 
which  appear  to  be  octahedra  with  dodecahedral  planes,  are  associated 
with  orthoclase,  tourmaline,  etc.,  at  Ray's  mica  mine,  on  Hurricane 
Mountain,  Yancey  County,  and  are  probably  pyrochlore  or  perhaps 
microlite.  Larger  octahedra  are  reported  to  have  been  found  at  the 
Flat  Bock  mine  in  Mitchell  County,  and  were  called  microlite.  LU^s^ 
never  seen  any;  those  sent  to  me  as  mloroWte  ^^i^  |^^tw.^\>% 
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HATCHKTTOLITB. 


Id  octahedral  crystals  with  cubical  plaues,  of  a  yellowish  brown  color, 
with  grayish  opalescence,  resiuoas  laster,  and  subconchoidal  fractnre. 
Hardness,  5;  sp.  gr.,  4.i51. 

Three  analyses  of  it  have  been  made  by  J.  L.  Smith,  the  mean  results 
of  which  I  give  (I),  and  one  by  O.  D.  Allen  (II): 


\ 

I. 

1 

IL 

Tantalio  oxide ,                               ■» 

07-04 

29  83 

34-24 

1-61 

0*30 

trace 

15*50 

219 

Celambio  oxide 

Titanic  oxide 

5 

Tongetie  oxide 

Flambic  oxide..... 

} 

5 

0-75 

trace 

15*61 

2-24 

117 

XTranio  oxide 

Ferrons oxide...... ...... ......... 

.  * ---.-.._. 

Cennuoxide ... » 

Yttria 

0-15 
887 
1-37 
trace 
4.49 

Magneaia r... 

Lime i 

7*31 

So<la 

Potash 

0-86 
4-87 

Loss  by  isnitioii 

09*85 

98.55 

Found  with  samarskite  at  Wiseman's  mine,  Mitchell  County. 

TANTALITB. 

A  massive  variety  of  tantalite,  weighing  a  few  ounces,  has  been  col- 
lected by  the  late  Prof.  P.  H.  Bradley,  in  Yancey  County.  It  had  a  black 
color  and  a  specitic  gravity  of  6'88 ;  and  has  been  analyzed  by  W.  J. 
Comstock,  who  found : 

Tantalic  oxide 59-92 

Colnmbic  oxide 23-63 

Ferrous  oxide 12*86 

Manganous  oxide 3*06 

Magnesia 0*34 

99-81 

COLI7MBITB. 

It  occurs  in  crystals  and  crystalline  masses  of  a  black  color  em- 
bedded in  the  samarskite  of  Wiseman's  mine,  Mitchell  County.  It  has 
also  been  found  at  the  Deake  mine  and  other  localities  in  the  same 
county,  at  Hay's  mine  in  Tancey  County,  near  Burnsville;  at  Balsam 
Gap  mine  in  Buncombe,  and  near  Franklin,  in  Macon  County.  One 
crystal  of  it  was  kindly  sent  me  by  Mr.  J.  A.  D.  Stephenson,  of  States- 
ville,  which  he  had  found  at  Isaac  Price's  farm,  White  Plains,  Alexander 
County.    I  have  a  crystal  of  about  2  inches  in  length,  1^  in  width  and 
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i  iu  thickness,  from  Oapt.  Mills's  mine,  Burke  County,  which  appears 
to  belong  to  this  species. 

J.  L.  Smith  has  analyzed  the  crystals  (I)  and  massive  varieties  (II) 
from  Wiseman's  mine,  and  I  that  from  Isaac  Price's  farm  (III) : 


I. 

II. 
5-4a> 

III. 

Sn.  ffT. 

5-582 

6-758 

*'*''  B» --••-•--•••••••-•••--••••••••••"•••••--■ 

Colmubic  and  tantAlic  oxides 

8006 
1-21 

UU 
521 

80-8*2 
102 
8-73 
8G0 

trace 

79  90 
0-56 

15  U 
509 

Toncfltic  and  stannic  oxides 

Ferroas  oxide ."?», 

Manganoas  oxide 

Caoric  oxide 

100-62 

9917 

100  92 

YTTROTANTALITK  (?)  . 

According  to  Gen.  Glingman.  grains  of  this  raiueral  have  been  fonnd 
in  several  localities  in  the  western  counties.  It  ts  ))robably  fergusonite 
or  samarskite. 

SAMARSKITE. 

It  has  been  found  in  the  gold  sands  of  Rutherford  County,  in  small 
black  grains  and  pebbles,  sometimes  weighing  one-fourth  of  an  ounce, 
which,  when  broken,  had  a  vitreous  resinous  luster  and  a  brownish 
black  color,  and  a  sp.  gr.  of  5*69.  It  is  found  also  in  the  gold  sands  of 
Burke  (at  Capt.  Mills's)  and  McDowell  Counties.  It  has  been  analyzed 
by  T.  S.  Hunt  (I). 

About  5  years  ago  large  masses,  one  of  them  weighing  more  than  20 
pounds,  were  fonnd  at  Wiseman's  mine,  Mitchell  County;  usually  in 
irregularly  shaped  pieces,  sometimes  coarsely  crystallized,  rarely  in 
distinct  inodified  rhombic  prisms.  The  color  is  deep  velvet  black, 
Ju  thin  edges  brown,  the  luster  resinous,  and  the  fracture  conchoidal. 
Sp.  gr.,  5*72. 

It  has  been  analyzed  by  Miss  Ellen  H.  Swallow  (now  Mrs.  E.  H. 
Richards)  (II),  J.  L.  Smith  (III),  and  O.  D.  Allen  (IV): 


Columbic  oxide 

Tan  talic  oxide 

Tangfstio  and  stannic  oxides 

Uranic  oxide 

Ferrous  oxido 

Manganous  oxide 

Cerous  oxide,  etc 

Tttria 

Magnesia 

Lime 


1. 


54*81 


17  03 
1407 


3-95 

nil 


Loss  by  ignition. 
Insoluble 


0-24 


II. 


54>9G 

0-16 
9-91 

1402 
0-91 
517 

12-84 
0-52 


III. 


55  13 

031 

1096 

11-74 

1-53 

4-24 

14-49 

trace. 


0-66 
1  2.'i 


0-72 


37-20 

18*60 

0-08 

12-46 

10*90 

0-75 

4-35 

14-45 


101*21 


lW-\\i 


V»*V1  \  Y'^-iA 
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Dr.  Smith  expresses  his  doubts  about  the  true  uatnre  of  the  cerous 
oxide,  etc.)  separated  from  tbe  samarskite.  This  mineral  has  lately 
been  the  subject  of  investigation  by  numerous  chemists,  and  several 
new  elements,  samarium,  etc.,  have  been  discovered  in  it.  Tbe  nature 
of  these  has  not  yet  been  sufficiently  established  to  understand  their 
exact  relations.  Samarskite  has  also  been  found  in  small  pieces  of  1  to 
3  ounces  at  the  Grassy  Creek  mine,  Mitchell  County,  and  in  McDowell 
County. 

A  mineral  associated  with  samarskite,  and  probably  a  product  of  its 
decomposition,  has  erroneously  been  called  euxenite. 

It  occurs  in  reddisb  brown  and  hair-brown  masses,  translucent  in  thin 
fragments  and  with  irregular  to  subconchoidal  fracture,  a  yellowish 
brown  streak,  and  a  resinous  to  subadamantine  luster.  Hardness,  5-o 
It  has  been  analyzed  by  J.  L.  Smith  (I)  and  M.  Q.  Seaman  (II): 


Sp.gr. 


Columbie  oxide 

Stannio  and  tongstio  oxiden. 

Yttria 

Cerous  oxide 

Lanthana  and  didymia 

Uranio  oxide 

Ferroaa  oxide 

Hanganoas  oxide 

Lime 

Water 


\ 


I. 

n. 

1      4-503 
<        to 
{     4-642 

4-33 

54-12 

4700 

0-21 

0*40 

24-10 

13-46 
1*40 

400 
1616 

068 

0-31 

709 

008 
5-68 

1-53 

6-70 

9-65 

4I0-68 

09-67 

RUTHBRFORDITK. 

In  monoclinic  crystals  and  grains,  of  a  blackish  brown  color  and 
vitreo-resinous  luster  and  conchoidal  fracture.    Sp.  gr.,  5'55-5'69. 
A  partial  analysis  by  T.  S.  Hunt  gave.: 

Titanic  oxide 58*5 

Lime lO-O 

Not  determined 31*5 

"  100*0 

In  the  gravel  deposits  of  Rutherford  and  Burke  Counties. 
These  data  give  no  clue  to  the  identity  of  the  mineral.    It  may  be 
the  same  as  the  following. 

FKRGUSONITE. 

Found  by  Hidden  in  July,  1879,  at  Mills's  gold  mine,  Brindletown, 
Burke  County.  It  occurs  in  small,  reddish  brown  to  brownish  black, 
tetragonal,  very  acute  pyramids,  with  basal  and  hemihedral  planei^. 
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generally  covered  with  a  gray  crast.  Also  found  by  Hidden  at  the 
Wiseman  mine,  in  Mitchell  Countyf  in  fine  crystals,  bat  with  nothing 
new  as  to  form. 

The  Brindletown  fergusonite  has  been  analyzed  by  J.  L.  Smith  (I)  and 
J.  W.  Mallet  (II),  as  follows : 


• 

I. 

11. 

So.  BT 

5-87 

...... .... 

Columbic oxide .....................  i 

4812 

43  78 
4-08 
0-70 

37-21 
0-60 
3.40 
5-81 
1*81 
0*66 
1-62 

Tantalic  oxide 5 

Stannic  and  tansstic  oxidm 

Yttrla 

'     40*20 

5.81 
2-76 

Cerons  oxide 

T^nthi»n|L  pd  didymi* ^ .  . 

IJranio  oxide. 

FeiTooB  oxide. 

Lime 

Water 

1*50 

98-38 

09-87 

POLYCRASK. 

Discovered  by  Hidden  in  decomposing  granite  on  the  Davis  land,  not 
far  from  the  zircon  mine  in  Henderson  County.  It  occurs  in  separate 
crystals,  associated  with  zircon,  monazite,xenotime,cyrtolite,  and  mag- 
netite. More  or  less  altered  at  the  surface  lo  a  mineral  resembling 
xantbitane  or  gummite;  color,  nearly  coal  black;  sp.  gr.,  4*18.  A  par- 
tial analysis  by  Mackintosh  gave  as  follows: 

Cola mbic  oxide 1 

Tantalic  oxide >48-97 

Titanic  oxide ' 

Yttria,  etc 27-5r» 

Ferric  oxide 3'19 

Uranic  oxidei 13*77 

Ignition 5'ltt 

98-60 

Additional  experiments  gave  columbic  oxide,  28*52,  and  titanic  oxide, 
20-27.  The  same  mineral  also  occurs  near  Marietta,  Sonth  Carolina, 
which  is  in  the  same  general  region. 

R0GF.R6ITB. 

In  white  mammillary  crusts  and  little  pearly  beads  upon  samarskite 
at  the  Wiseman  mine,  Mitchell  County.    Sp.  gr.,  3*313. 
.  It  has  been  partially  analyzed  by  J.  L.  Smith,  who  found: 


Colambio  oxide  

TttriA,eto 

Water 

r 


I. 


18-10 
fl012 


II. 


20-21 


\t'i\ 


A 
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In  minate  tetragonal  pyramids,  in  the  sands  from  gold  washings  in 
Polk,  McDowell,  Bnrke,  and  Rutherford  Counties.  In  some  sands  which 
I  have  received  from  Capt  Mills's  gold  mine,  in  Burke  Connty,  there 
were  a  few  peculiar  crystals  ot  a  pale  grayish  or  yellowish  white  color. 
They  were  tetragonal  pyramids,  but  were  irregular  and  rough  ou  the 
planes,  and  appeared  to  inclose  some  foreign  substance,  perhaps  zircon. 
One  had  a  nucleus  of  a  greenish  yellow  color  and  resinous  luster,  which 
resembled  monazite.  A  few  tests  which  have  been  made  with  a  frag- 
ment of  a  crystal,  which  appeared  pretty  nniform  in  composition,  gave 
reactions  resembling  those  of  zirconia,  yttria,  and  phosphoric  acid,  with 
a  minute  trace  of  cerons  oxide. 

Some  very  fine  crystals  of  xenotime  have  also  been  found  by  Hidden 
at  a  locality  about  3  miles  from  the  Emerald  mine,  in  Alexander  County, 
sp.  gr.,  4*52.  He  also  verifies  the  Brindletown  mineral,  and  reports  it 
from  the  Davis  land  on  Green  River,  in  Henderson  County.  At  both 
the  latter  localities  the  xenotime  crystals  are  sometimes  symmetrically 
compounded  with  zircon,  like  the  crystals  from  Norway  described  by 
Zschau. 

APATITB. 

This  is  rather  a  rare  mineral  in  this  State.  I  have  observed  it  in  im- 
perfect crystals  of  a  grayish  and  reddish  green  color  in  orthoclase,  etc., 
at  Say's  mine,  Hurricane  Mountain,  Yancey  County,  and  in  small 
granular  patches  of  a  greenish  color  in  granite;  found  3  miles  south 
of  the  Blue  Ridge,  16  to  17  miles  from  Jefferson,  on  the  road  to  Wilkes- 
borough;  found  also  in  greenish  white  crystals,  often  inclosing  quartz, 
sometimes  from  2  to  3  inches  in  length  and  nearly  1  inch  in  thickness, 
implanted  in  albite,  at  Point  Pizzle  and  at  Cox's  mine,  Mitchell  County, 
and  at  the  Presnel  and  Gugenheim  mines,  Yancey  County. 

Minute  crystals  of  apatite  of  highly  interesting  forms,  with  many 
planes,  are  found  at  the  Emerald  and  Hiddenite  mine  in  Alexander 
Connty;  and  opaque,  minute,  hexagonal  prisms  with  pyramidal  and 
basal  planes  are  found  in  cavities  of  orthoclase,  associated  with  the 
zircons  of  Green  River,  Henderson  Connty. 

Prof.  W.  B.  Phillips  has  described  pbosphatic  deposits  similar  to 
those  of  South  Carolina,  but  nowhere  in  sufficient  amount  to  give  full 
assurance  of  economic  importance,  in  eastern  North  Carolina  in  the 
counties  of  Duplin,  Brunswick,  Pender,  and  others.  The  best  deposits 
opened  occur  4  to  8  miles  northeast  of  Magnolin,  in  Duplin  County, 
where  they  form  thin,  irregular  beds  from  S  to  12  inches  in  thickness  io 
sand  deposits  irom  3  to  5  feet  below  the  ground. 
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PYROMORPHITK. 

This  is  one  of  the  most  beautiful  minerals  found  in  North  Carolina, 
and  formerly  was  quite  abundant  at  the  Silver  Hill  mine,  which 
furnished  very  handsome  specimens  of  hexagonal  prisms  and  crystal- 
line aggregations  of  different  shades  from  colorless  to  ahnost  black,  also 
honey  and  wax  yellow,  green,  brown,  etc.;  less  abundant,  and  mostly 
of  a  yellowish  green  color,  it  is  found  at  Silver  Valley,  Davidson 
County.  In  green  and  yellowish  green  crystsils  at  the  Troutman  and 
McMakin  mines,  in  Cabarrus  County ;  also  at  the  Stewart  mine,  in 
Union  County,  and  in  minute  green  crystals  in  the  gold  veins  of  the 
Baker  and  Miller  mines,  Caldwell  County, 

MONAZITE. 


It  is  found  in  considerable  quantities  in  small,  brown,  greenish,  or 
yellowish  brown  monoclinic  crystals  iu  tlio  gold  sands  of  Rutherford, 
Polk,  Alexander,  Burke,  and  McDowell  Counties;  also  in  the  neighbor- 
hood of  Crowder's  Mountain,  Giiston  County,  and  at  Todd's  Branch,  in 
Mecklenburg  County,  where  it  occurs  in  association  with  diamond,  zir- 
con, etc. 

Very  fine  crystals  over  an  inch  long  were  found  by  Hidden  iu  Mitch- 
ell County.  It  is  also  found  in  mica-schist  at  the  Deake  mine,  Mitchell 
County  ;  in  feldspar  at  Kay's  mine,  Yancey  County,  and  in  large  cleav- 
able  masses,  sometimes  3  to  4  inches  across  and  of  a  yellowish  brown 
color,  from  Mars  Elill,  Madison  County. 

Monazite  is  especially  abundant  iu  the  gold  sands  at  Brindletown, 
Burke  County.  About  15  tons  of  a  sand  containing  from  60  to  92  per 
cent  of  small  crystals  ht^ve  been  found,  thr  color  varying  from  wax 
yellow  to  cinnamon  brown;  sp.  gr.  5*10.  Analyzed  by  Penfield,  in  trip- 
licate, as  follows: 


Phosphoric  acid 

Cerium  oxide 

Lantbaoam  oxide 

Didy mitmi  oxide 

Thorium  oxide 

Silica 

Water,  or  loas  by  ignition 


I. 

'    "• 

III. 

2»-45 

29-20 

29-20 

31*38 

31-M 

30-77 

?      30-67 

30  80 

31  17 

668 

621 

6  56 

1-40 
0-20 

020 



9078 

The  thoria  is  due  to  admixed  thorite.  About  3  miles  east  of  the 
Alexander  County  emerald  mine  some  exceptionally  fine  crystals  of 
monazite  were  found,  says  Hidden,  associated  with  smoky  quartz, 
rutile,  and  xenotime.  They  were  mostly  transparent,  highly  polished, 
»n4  of  B^  flue  essoaite-red  color.    They  varied  from  ov\^ t<c^\x\\Xx  \f^  ^>^- 
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half  an  inch  wide  and  from  one-third  to  three-fourths  of  an  inch  long; 
sp.  gr.y  5*203.  Penfield  found  in  this  monazite  only  1*48  per  cent  of 
thoria. 

VIVIANITK. 

Fonnd  in  dark  bluish  green,  slender  crystals,  in  a  compact  nodule  of 
tertiary  marl,  in  Edgecombe  County ;  analyzed  by  W.  B.  Phillips,  of 
the  agricultural  chemical  station.  It  is  a  new  and  unnamed  variety, 
resembling  anglarite  and  ludlamite  in  its  percentages  of  water  (14)  and 
iron  oxide  (56),  but  differing  from  both  and  occupying  an  intermediate 
position  between  them  in  containing  eqnal  percentages  of  both  forms 
of  the  oxide — protoxide  28*05,  sesquioxide  28*35.  The  normal  ferrous 
oxide  of  vivianite  is  here,  as  usual,  oxidised  in  part  to  the  ferric  form. 

OLIVENITE. 

Minute  green  crystals  and  brownish  green,  fibrous  masses,  associated 
with  tetrahedrite,  scorodite,  etc.,  at  George  Ludwick's  mine,  in  Cabar- 
rus County,  appear  to  belong  to  this  species. 

PSKUDOMALACHITK. 

In  reniform  and  fibrous  masses,  of  a  dark  emerald  green  color,  at 
the  McGinn  and  Wilson  mines,  in  Mecklenburg  County;  Cullen's  mine, 
in  Cabarrus  County ;  Fisher  Hill  mine,  in  Guilford  County  ;  at  Clegg's 
mine,  in  Chatham  County,  and  about  1  mile  from  the  ^capstone  quarry, 
in  Moore  County )  also  at  the  Peach  Bottom  mine,  in  Alleghany  County. 

I  have  analyzed  the  pseudomalachite  from  the  McGinn  mine,  which 
contains : 

Phosphoric  aoid 24*58 

Cupric  oxide 68-60 

•     Water 6-86 


10004 


LAZULITE. 


In  dark  blue  crystals  and  crystalline  masses,  in  quartz,  and  asso- 
ciated with  cyanite  and  muscovite  at  Crowder's  and  Clubb's  Mountains, 
in  Gaston  County ;  also  in  quartz,  and  with  very  little  muscovite,  at 
Coffee  Gap,  in  the  Sauratown  Mountains,  Stokes  County.  That  from 
Clubb's  Mountain  has  been  analyzed  by  Smith  and  Brush,  who  found  in 
two  analyses : 


Sp.gr 

Photphorio  aoid 

Alumina 

FenooB  oxide... 

Magnesia 

Water 

SiUoa 


I. 

IL 

3122 

4318 

4415 

81-22 

32-17 

8i» 

8-06 

1009 

1002 

5-68 

5-50 

107 

107 

99-70 

100-90 
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8CORODITB. 

In  small,  leek  green  and  yellowish  green  crystals,  associated  with 
tetrahedrite,  qaartz,  etc.,  at  George  Ladwick's  mine,  in  Gabarrns 
Ooanty.  It  is  found  in  finely  grannlar  masses  of  a  brownish  or  yellowish 
green  color,  associated  with  lencopyrite,  from  the  oxidation  of  which  it 
is  formed,  at  Drnm's  farm  on  the  White  Plains,  Alexander  County,  and 
at  Dr.  Halyburton's,  in  Iredell  County. 

WAVSLUTB. 

Olobttlar  and  hemispherical  aggregations  of  white  and  grayish  white 
wavellite,  associated  with  silver,  galenite,  pyrite,  etc.,  are  rarely  met 
with  at  Silver  Hill,  Davidson  County. 

PH  ARMAC08IDERITE . 

Exceedingly  minute  crystals  of  this  mineral,  of  a  brownish  green 
color,  are  associated  with  the  scorodite  of  George  Ludwick's  mine, 
Cabarrus  County. 

DUFRENITK. 

It  is  rarely  met  with  in  grayish  green  tufts  of  silky  luster  with  the 
so  called  ^'  black  band  "  iron  at  Egypt,  Chatham  County. 

PHOSPHURANYLITE.  • 

In  microscopic  rectangular  pearly  scales  or  in  pulverulent  incrusta- 
tions upon  quartz,  muscovite,  and  feldspar.  Deep  lemon  yellow  in 
color. 

I  have  made  an  analysis  of  a  specimen,  which  a]>pears  to  have  l)een 
slightly  contaminated  with  cerusaite,  and  found  the  composition,  after 
deducting  the  plumbic  oxide,  as  follows : 

Uranic  oxide 76'71 

Phosphoric  acid 12*08 

Water 11-21 

Associated  with  autunite  and  other  uranium  minerals  at  the  Flat 
Rock  mine  and  Buchanan  mine,  Mitchell  County. 

AUTUNITE. 

In  beautiful  nearly  square  scales  or  small  crystals  of  a  greenish, 
yellow  or  yellowish  green  color,  upon  quartz  and  feldspar  at  the  Flat 
Ilock  and  other  mines,  Mitchell  County.  Hidden  also  reports  it  from 
Alexander  County. 

NITER. 

Crystalline  crusts  on  mica  slate  at  Nantahaleh  Biver,  in  Cherokee 
County. 
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TUNGSTATES,  MOLYBDATES,  ETC. 
WOLFRAMITE. 

In  lamiDated  masses  with  caproscheelite  and  scheelite  at  the  Cosby 
miDe,  and  with  barite  at  the  Flowe  mine,  both  in  Gabarras  County ; 
also,  according  to  Gen.  Clingman,  freqaently  in  Bntherford  and  Bnrke 
Counties. 

I  have  made  an  analysis  of  the  wolfram,  which  forms  the  nuclei  in 
the  rhombic  tnngstate  of  lime  and  fonnd: 

Ferrous  oxide 19*80 

Mangauons  oxide 5*35 

Lime 032 

Stannic  oxide trace 

TuDgstic  oxide 75*79 

101-26 
Sp.  gr.,  7-496. 

RHOMBIC  TUNG8TATE  OF   LIME. 

Associated  with  wolframite,  in  barite,  at  the  Flowe  mine,  in  Cabar- 
rus County,  in  small  crystals  and  laminated  masses  of  a  yellowish  and 
grayish  color,  which  frequently  contain  a  nucleus  of  wolfram. 

8CHERLITE. 

Orange-colored  tetragonal  pyramids  <are  found  at  the  Flowe  mine; 
yellowish  brown  and  grayish  imperfect  crystalline  masses  at  the  Cosby 
mine;  also  at  Cullen's  mine,  Cabarrus  County,  in  rounded  granular 
patches  of  a  grayish-yellow  color,  with  auriferous  pyrite  in  quartz.  I 
have  analyzed  the  latter  and  found  them  composed  of: 

Stannic  oxide 0*13 

Tangstic  oxide 79*52 

Cupric  oxide 0-08 

Ferric  oxide 0-lB 

Lime 19-13 

99-22 

CUPROSCHEELITE. 

In  yellowish  green  and  siskin  green  pulverulent  coatings  upon  scheel- 
ite at  the  Cosby  mine,  Cabarrus  County. 

8TOLZITE. 

A  few  small  tetragonal  pyramids  of  a  bluish  gray,  and  one  small, 
somewhat  barrel-shaped  crystal  of  a  grayish  yellow  color  of  this  very 
rare  mineral  have  been  found  in  a  lump  of  quartz,  associated  with 
Bpbalerite^  at  Silver  Hill,  Davidson  County. 
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SULPHATES,  OHBOMATES,  ETC. 

BARITE. 

In  small  white  tabular  crystals,  with  pyromorphite  and  mangaoese 
ores  at  the  McMakin  mine,  Phoenix  mine,  and  White's  mine,  Cabarrus 
Gonnty.  The  laminated  and  coarsely  granular  white  variety  at  the 
Flowemine  and  Orchard  vein,  in  Cabari^s  County;  a  vein  of  the  coarsely 
laminated,  grayish  white  barite,  at  the  Latta  mine,  near  Hillsboro', 
Orange  County.  It  occurs  coarsely  granular,  and  has  the  appearance 
of  white  marble,  at  Ool.  Walkup's,  Union  County.  A  vein  of  very 
white  compact  and  granular  barite  of  from  7  to  8  feet  in  width  has  been 
found  at  Growder's  Mountain,  Gaston  County;  west  of  the  Blue  Ridge, 
a  vein  of  8  feet  in  width  exists  at  Chandler's,  9  miles  below  Marshall, 
in  Madison  County,  where  it  is  white  and  grayish  white  in  color,  and 
of  a  granular  structure,  containing  small  patches  of  laminated  barite ; 
also  on  Elkin  Greek,  in  Wilkes  County. 

ANGLKSITB. 

In  small,  tabular,  rhombic  prisms,  with  very  few  additional  planes, 
in  the  brown,  granular zincblende of  Silver  Hill,  Davidson  County ;  also, 
according  to  Oen.  Glingman,  at  the  Baker  mine,  in  Caldwell  County. 

CROCOITE. 

I  have  observed  this  rare  mineral  associated  with  gold  and  small 
quantities  of  galenite  in  small  cavities  of  saccharoidal  quartz  from 
Nash  County,  in  very  minute,  dark  hyacinth  red  crystals. 

MKLANTERITK. 

As  the  result  of  the  decomposition  of  pyrite,  disseminated  through 
many  of  the  mica  slates,  etc.,  of  Rutherford,  Cleveland,  and  other  conn- 
ties,  melanterite  or  copperas  is  formed,  but  no  good  crystallized  speci- 
mens have  come  to  my  notice. 

G08LA.RITB. 

In  the  water  of  the  Silver  Hill  mine;  also  in  fine,  fibrous,  crystalline 
masses  upon  sphalerite,  formerly  at  the  McMakin  mine,  Cabarrus 
County. 

CHALGAMTHITB. 

Very  fine  crystals,  with  granular  and  fibrous  crystalline  masses  of 
sulphate  of  copper,  were  formerly  obtained  from  the  upper  works  of 
the  Silver  Hill  mine,  Davidson  County,  principally  at  the  60  foot  level. 
Bull.  74 6 
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ALUNOGKN. 

I  have  once  seen  a  beantifnl  specimen  of  fibrons,  silky  alunogen  from 
the  western  coanties,  but  could  not  learn  the  exact  locality  from  which 
it  came.  It  ia  found  abundantly  associated  with  melanterite,  in  Ruth- 
erford, Cleveland,  and  other  counties,  but  not  in  good  specimens ;  also 
in  Iredell  and  Catawba  Counties. 

MIST. 

This  mineral  has  been  observed  in  association  with  galenite  and  pyrite, 
in  pulverulent  greenish  yellow  masses,  at  Flint  Knob,  Wilkes  Oonntv. 

MONTANITS. 

This  very  rare  tellnrate  of  bismuth  has  been  found  with  tetradymite 
at  David  Beck's  mine  in  Davidson  County,  and  at  Captain  Mills's,  in 
Burke  County.  The  yellow  "  oxide  of  bismuth,"  observed  by  Dr. 
Asbury  at  the  Asbury  vein,  in  Gaston  County,  may  belong  to  this 
species. 

An  analysis  which  I  have  made  of  that  from  Davidson  County  gave: 

Ferric  oxide 1-26 

Capric  oxide 1*04 

Bismnthic  oxide 68*78 

Tellaricacid 25*45 

Water 3*47 


100*00 
CARBONATES. 

CALCITK. 

Perfect  crystals  are  found  at  Whiteville,  Columbus  County,  in  marl, 
in  the  Clegg  mine,  Chatham  County,  and  at  the  Emerald  and  Hid- 
denite  mine,  in  Alexander  County.  It  occurs  coarsely  granular  in  a 
vein  at  Hoover's  mine,  about  G  miles  from  Silver  Hill;  at  Moore's  mine, 
10  miles  southeast  of  Lexington ;  in  Ore  Knob  mine,  Ashe  County;  and 
rarely  at  Silver  Hill,  in  Davidson  County,  and  the  Steele  mine,  Mont- 
gomery County.  Small  quantities  of  granular  calcite  were  found  in 
digging  a  well  at  Morrisville,  Wake  County.  The  granular  varieties, 
which  constitute  marble,  are  sometimes  found  associated  with  the  com- 
pact varieties  of  limestone  in  the  band  which  passes  through  North 
Carolina,  from  Stokes  County  through  Catawba,  Lincoln,  and  Gaston 
Counties;  as,  for  instance,  at  thequarrie^s  of  Martin  on  Snow  Creek;  of 
Bolejack,  nearGermanton,  in  Stokes  County ;  Pfaff  in  Forsyth ;  Hooper, 
in  Catawba;  and  Stowe,  in  Lincoln  County,  and  in  the  Eocene  lime- 
stone of  New  Hanover  County.  A  coarse,  granular  limestone  occurs 
also  at  Goshen  and  at  Haskett's,  on  Ellijay  Creek,  Macon  County, 
and  on  Cullowhee  Creek,  Jackson  County,  again  on  Bear  Creek  and 
Walnut  Creek  and  at  Marshall,  in  Madison  County.    A  veined  gray 
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and  white  marble  is  foiiDd  at  Powell's  quarry,  near  Catawba  station, 
Catawba  County.  Very  beautiful  varieties  of  wbito,  pink,  and  gray 
marble  are  found  abundantly  at  the  Nantahaleh  River,  Marble  Creek, 
Valley  Biver,  and  other  places  in  Cherokee  County.  A  band  of  com- 
pact limestone,  sometimes-  finely  granalar,  is  found  in  Turkey  Cove 
and  Cedar  Cove  and  on  Linnville  Mountain  and  Graveyard  Mountain, 
in  McDowell  County ;  also  in  Jackson,  Transylvania,  and  Henderson 
Counties,  and  at  Warm  Springs  and  on  8hat  In  Creek  and  Laurel 
Kiver,  Madison  County.  It  is  also  found  in  small  seams  and  crystal- 
line grains,  replacing  in  part  the  orthoclase  of  a  massive  granite  gneiss 
in  Harnett  County.  ^ 

DOLOMITE. 

Dolomite  of  a  grayish  white  color,  resembling  marble,  is  found  on 
Valley  River,  10  miles  from  Murphy,  Cherokee  County ;  and  in  mag- 
nificent rhombohedral  cry  stills,  ofteu  coated  with  hisingerite,  at  the 
Emerald  and  Hiddeuite  mine  in  Alexander  County. 

MAGNKSITB. 

The  lamellar  white  and  grs^yish  variety,  from  which  distinct  cleavage 
crystals  can  be  obtained,  is  found  at  McMakin's  mine,  Cabarrus  County; 
also,  with  chrysolite  at  Webster,  Jackson  County,  and  Hampton's, 
Mining  Creek,  Yancey  County.  At  the  latter  locality  are  also  found 
the  white  compact,  and  at  Webster  the  white  earthy  and  pulverulent 
varieties.  Breunnerite  occurs  in  serpentine,  4  miles  sonth  of  Morgan- 
ton,  Burke  County,  and  near  Dobson,  Surry  County. 

8IDKRITB. 

In  fine  rhombohedral  crystals  at  the  Emerald  and  Hiddeuite  mine, 
and  also  formerly  at  the  McCulloch,  the  North  Carolina,  and  several 
other  mines  in  Guilford  County,  where  it  occurred  in  considerable 
masses  in  the  vein.  In  the  saoie  manner  it  is  of  frequent  occurrence 
iu  many  of  the  gold  veins  of  the  State,  especially  in  those  which  carry 
copper.  It  often  forms  almost  the  whole  mass  of  the  veins,  frequentl3% 
however,  decomposed  into  linionite,  which  still  retains  its  rhombohe- 
dral form;  for  instance,  at  Conrad  Hill  in  Davidson  County,  in  Gas- 
ton County,  at  some  of  the  minen  iu  Randolph  Count}'^,  and  at  the 
Cosby  mine  in  Cabarrus  county.  In  smaller  quantities  it  has  been 
observed  in  Stokes  County  and  in  some  of  the  mines  iu  Mecklenburg 
and  Alexander  Counties.  A  white  cleavable  variety  occurs  at  the 
Kudisill  mine,  near  Charlotte.  The  earthy  and  argillaceous  varieties 
of  siderite  form  large  beds  in  the  Triassic  coal  strata  and  constitute  the 
so-called  black  band  or  ball  ore  at  Farmville,  Egypt,  the  Gulf,  etc.,  in 
Chatham  County.  It  is  also  found  in  compact,  grayish  brown  nodules 
in  Halifax  and  Granville  Counties. 
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RHODOOH  ROSITE. 

In  small  globular  pink  and  rose-red  concretioDS,  with  earthy  man- 
ganese, near  Franklin,  in  Macon  Gountj;  also  Qiixed  with  maguesite, 
talc,  etc.,  in  compact  and  granular  masses,  at  the  McMakin  mine,  Ca- 
barrus County. 

»  CERUSsrrE. 

The  most  beautiful  crystallizations,  single  individuals  as  well  as 
twins,  were  found  at  Silver  Hill,  immediately  after  the  discovery  of 
of  the  mine ;  also  white,  yellowish,  and  greenish  white,  compact  varie- 
ties, frequently  highly  argentiferous.  A  very  interesting  occurrence 
at  the  same  mine  is  cerussite,  pseudomorphous  after  pyrite.  Yellow- 
ish white  columnar  cerussite  occurs  in  Gaston  County.  Rhombic 
prisms  with  pyramidal  planes,  together  with  imperfect  crystallizations 
and  earthy  masses,  are  found  at  Clegg's  mine,  Chathiuii  County.  At 
Elk  Creek,  in  Wilkes  County,  earthy  cerussite  has  been  observed  coat- 
ing galenite.  It  is  also  found  at  Baker  mine  in  Caldwell  County,  and 
at  Murphy,  Cherokee  County. 

MALACHITE. 

Malachite,  in  its  varieties,  fibrous,  compact,  and  earthy,  being  the  re- 
sult of  the  decomposition  of  other  copper  ores,  is  found  in  association 
with  the  latter  in  almost  every  copper  mine  in  tlie  State.  The  Guil- 
ford, Cabarrus,  and  Mecklenburg  County  copper  mines  contain  it.  I 
have  observed  the  fibrous  variety  at  Silver  Hill  and  Conrad  Hill,  in 
Davidson  County ;  the  Gillis  mine,  in  Person  County ;  tbeCheek  mine, 
in  Moore  County,  and  both  the  fibrous  and  earthy  mahichite  at  Clegg's 
mine,  in  Chatham  County.  It  has  been  found  in  the  Brushy  Moun- 
tains, Alexander  County ;  the  Peach  Bottom  mine,  Alleghany  County ; 
the  Ore  Knob  mine,  in  Ashe  County  ;  the  Gap  Creek  mine,  in  Watauga 
County;  the  CuUowhee,  Savannah,  and  Waryhut  mines,  in  Jackson 
County ;  near  Sassafras  Fork,  in  Granville  County,  and  at  many  other 
localities  too  numerous  to  be  mentioned.  Pseudomorplis  of  malachite, 
after  cubical  cuprite,  have  been  found  at  Culleu's  mine,  Cabarrus 
County. 

AZURITB. 

This  variety  of  carbonate  of  copper  is  far  less  frequently  met  With. 
Small  but  very  beautiful  and  perfect  crystals  are  found  at  Clegg's 
mine  and  at  Snipes's  (iron)  mine,  in  Chatham  County,  and  at  the  Cheek 
mine,  in  Moore  County.  It  is  rare  at  the  Culleu  and  Boger  mine  in 
Cabarrus  County,  the  Wilson  mine  in  Mecklenburg  County,  and  at 
Wells's,  Gaston  County. 

BISMUTITB. 

In  yellowish  white  concretions,  often  of  a  pearly  luster,  or  white  in- 
crustationa  upon  gold-beariug  quartz,  at  the  Asbury  mine,  in   Gaston 
Coanty,  where  it  was  discovereA  \i^  \>t.  A.^\i\vc^ , 
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Bisinutite  has  also  been  foand  in  a  narrow  vein  in  Casher  Valley,  Jack- 
son Goanty,  in  small  masses,  the  largest  of  the  size  of  a  pigeon's  eggj  of 
a  light  apple-green  or  dark  gray,  through  yellow  to  light  gray  masses 
which  are  chalky  white  in  the  amorphous  parts.  Laminated,  sometimes 
almost  columnar.  Sp.  gr.,  7*4  to  7*5.  The  analyses  by  Dr.  A.  H.  Chester 
gave: 


• 

I. 

11  (the 
pure). 

Bismnthlo  oxidA 

80-36 
7-7» 
2-02 
3-6 

88  80 
810 
210 

Carbonic  dioxide 

Water 

Inaolnble 

90-80 

100-00 

Quite  recently  (January,  1888)  I  have  received  the  same  mineral  from 
Rev.  C.  D.  Smith,  from  Highlands,  Macon  County,  where  it  occurs  in 
amorphous,  grayish  white  masses,  associated  with  beryl,  muscovite,  etc. 


MINERAL  COAL. 


ANTHRACITE. 


A  very  interesting  occurrence  of  anthracite  is  that  of  masses  with 
conchoidal  fracture  in  the  vein  rock  at  the  Clegg  mine  in  Chatham 
County.  The  bituminous  coal,  both  of  the  Deep  and  Dan  Rivers,  is 
frequently,  especially  near  trap  dikes,  almost  deprived  of  its  hydro- 
carbons, often  approaching  true  anthracite. 

BITUMINOUS  COAL. 

The  greater  portion  of  the  coal  in  the  Deep  River  beds  is  bituminous 
coal,  the  volatile  matter  varying  from  about  8  to  32  per  cent.  The  Dan 
River  coal,  which  I  had  opportunity  to  examine,  is  so-called  semi- 
bituminous  coal,  that  from  near  Stokesburg,  Stokes  County,  containing 
about  10  per  cent  of  volatile  matter. 

LIGNITE   OB  BROWN  COAL. 

Frequently  met  with  in  the  marl  beds  of  the  eastern  counties,  and 
in  the  Trias  of  Granville  County,  on  Tar  River,  and  on  Brown's  Creek, 
Anson  County. 


ORGANIC  COMPOUNDS. 


SUCCINITE  (AMBEB). 


Found  in  lumps  of  several  ounces  weight  in  Pitt  County  and  else- 
where,  in  the  Tertiary  marl  beds  of  the  eastetu  co\x\\\»\^^. 


SYNOPSIS   OF  MINERALS  AND   MINERAL   LOCALITIES,  BY  COUN. 

TIES. 


ALAMAIfO^. 


Oraham. — McAden  mine:  Gold;  pyrite;  actinolite. 
NewlifCa. — Gold;  pyrite;  chalcopyrite. 
Holt  mine, — Gold;  also  at  Anthony  mine. 

Dixon*8  mine. — Gold  on  both  sides  of  Haw  River,  in  placers;  Boyd 
mine,  in  placers. 
Cane  Creek  Mountains, — Gold;  epidote;  chalcedony;  magnetite. 
Near  Cane  Creek  Factory. — Pyrophyllite;  halloysite. 

ALEXANDEB. 

White  Plains. — Scorodite;  columbite;  tourmaline  (Lackey's  and 
Price's);  beryl  (at  Warren's,  Lackey's,  and  Price's);  rose  quartz;  smoky 
quartz,  also  near  Taylorsville;  rntile  in  geniculated  crystals,  and  acicu- 
lar  crystals  in  linionite  and  in  quartz;  the  latter  also  near  Poplar 
Springs;  spodumene,  in  emerald  and  yellowish  green  crystals  (hidden- 
ite),  In  Sharpe's  township. 

Barrett  Mountain. — Graphite. 

Price  and  Keever  place. — Beryl;  tourmaline;  columbite;  aatunite; 
muscovite. 

Lead  mine. — Amijthyst. 

Jtoseman^H  farm. — Milky  quartz. 

Little  River. — Tourmaline. 

Hiddenite  Post  office. — (The  Emerald  and  Hiddenite  mine) — Emer- 
ald (!);  beryl  (!);  monazite  in  fine  crystals  (!);  spodumene,  transparent, 
green,  and  yellowish  crystals  (!);  apatite;  calcite;  dolomite  (!);  siderite; 
rntile  (!);  muscovite  (!);  hisingerite;  tourmaline. 

Taylorsville. — Three  miles  distant,  smoky  quartz;  rock  crystal;  tour- 
maline; beryl. 

Headwaters  of  8notc  Creek. — Foliated  talc;  hematite. 

Bend  of  Catawba  River. — Pyrope  garnets. 

Marshall?  s  farm. — Garnets. 

Brushy  Mountains. — Malachite;  chalcopyrite;  graphite;  asbestus; 
tabular  quartz. 

Elsewhere. — Green,  brown,  and  black  tourmaline;  graphite;  magnet.- 
ite;  tiint'dliiQ'y  beryl,  yellow,  b\ue.,  gi^e^w,  cvvv^vU  crystals  with  basal 
66 
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plane,  also  with  other  singalar  modifications,  also  smoky,  yellow,  and 
milky;  monazite,  var.  taruerite;  asbestns;  pyrite;  magnetite;  chalco- 
pyrite;  pyroluslte;  limonite,  pseudomorphous  after  siderite;  siderite; 
kaolinite;  orthoclase,  large  crystals  (one  of  40  pounds);  biotite;  mns- 
covite;  ratile,  very  fine  at  MilhoUaud's  mill  and  at  Robt.  Johnson's; 
toormaline  at  B.  Lyon's,  with  nnnsnal  terminal  angles  (Hidden). 

ALLEGHANY. 

Peach  Bottom  mine. — Pyrite;  chalcopyrite ;  malachite;  galenite;  cu« 
prite;  sphalerite;  molybdenite. 

Roaring  Oap. — At  H.  Harris's,  chalcopyrite  (anriferons) ;  bornite. 

T.  5ryatt'«.— Pyrite. 

Bullhead  Mountain, — Oyanite;  magnetite;  garnet. 

Msewhere. — Graphite;  chrysolite;  gold,  in  placers ;  martite;  pyrite; 
calcite ;  zoisite ;  smoky  qnartz. 

ANSON. 

Boggan^s  Out. — Galcite;  serpentine;  rock  crystal  and  cell nlar  quartz; 
lignite. 
Mill  Creek. — Mnscovite. 
Peedee  Station, — ^Orthoclase. 

Farm  of  T.  J.  Pack. — Siderite ;  chalcopyrite ;  qnartz. 
Wadeshorff. — Two  miles  south,  gold  in  vein. 
Elsewhere. — ^Qnartz  crystals  of  considerable  size,  at  several  points. 

ASHE. 

Blue  BidgCj  south  of  Jefferson. — Muscovite ;  black  tourmaline. 

Horse  Creek.— At  Hampton's:  epidote;  maguetite;  manganese  garnet. 
At  Gray  bill's :  magnetite;  epidote. 

Helton  Creekf  near  mouth, — Maguetite  at  Ballou's. 

Ore  Knob  mine. — Pyrite;  calcite;  chalcocite;  arsenopyrite;  mala- 
chite; metallic  copper. 

Jefferson. — Chalcopyrite,  2,  3,  and  6  miles  distant,  and  at  Mulatto 
Mountain;  graphite  in  gneiss;  chlorite  at  Willis's  mine;  hyalite  at 
Foster's  mica  mine;  niuscovite,  beryl,  and  garnet  at  Little  PhcBuix 
mica  mine;  kaolin;  tourmaline,  7  to  8  miles  southeast;  chrysolite,  6 
miles  east  on  New  River. 

Three  Top  iWowntom.— ^Tremolite. 

New  River  {South  Forkj  near  mouth), — Chrysolite ;  chalcopyrite,  mag- 
netite. 

Oap  Creek  {Copper  Knob  mine). — Gold;  silver;  hematite;  epidote; 
bornite;  chalcocite;  chalcopyrite;  chrysocolla;  malachite.  On  Gap 
Greek:  cyauite;  hornblende. 

Shady  Spring. — Asbestus. 

JElk  £no6.^Qhalcopyrite;  epidote. 
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Fhcenix  Mouniain. — Uock  crystal  (!). 
Witherspoon  mine. — Asbestiform  actinolite. 

EUewhere. — Azurite;  cuprite;  actioolite;  talc;  chlorite;  asbestos; 
graphite. 

BEAUFORT. 

Biderite,  in  nodnles;  calcite  in  marl  beds,  and  in  the  Eocene  (bottom 
of  Pamlico  River,  and  on  Blount's  farm) ;  pyrite. 

BERTIB. 

Galcite,  in  marl  beds. 

BLADEN. 

Oalcite,  in  marl  beds. 

BRUNSWICK. 

Oalcite,  in  marl  beds;  glauconite,  in  green  sand;  phosphatic  nodnles. 

BUNCOMBE. 

Asheville, — Meteoric  iron  (I) ;  garnet;  magnetite,  at  L.  W.  Sams's ;  fer- 
rous chloride  (I),  in  the  meteorite;  ochreons  hematite;  hornstone;  ser- 
pentine; barite  (!),  granular,  on  Fox  Branch,  10  miles  below  Asheville; 
on  road  to  Burnsville,  14  miles  north,  chrysolite;  17}  miles  north,  horn- 
blende; 19  to  20  miles  north,  pyrrhotite;  magnetite;  hematite;  corun- 
dum with  hornblende  and  culsageeite;  serpentine;  prochlorite;  asbes- 
tus;  actiuolite:  kaolin;  jefferisite. 

Big  Ivy, — Genthite,  with  chrysolite. 

Black  Mountain. — Alniandite  garnet;  cyanite  at  Bowlen's  Pyramid. 

Flat  Creek. — Foliated  graphite  in  gneiss. 

New  Found  Mountains. — Biotite. 

Balsam  Qap  mine. — Allanite(!);  beryl;  muscovite;  biotite;  albite; 
black  garnet;  columbite;  tourmaline. 

Cane  Creek. — Galcite ;  gold ;  hematite ;  limonite. 

Ivy  River. — Chrysolite;  chromite;  hornstone;  genthite;  talc;  asbes- 
tus;  tremolite. 

Brushy  Mountain  mine, — Muscovite ;  kaolinite ;  orthoclase ;  albite* 

Reamh  Creek. — Garnet,  large  crystals. 

Burnet  mine. — Muscovite ;  orthoclase  crystals,  large  (100  to  1,000 
pounds). 

N.P.  Watkinah. — Corundum;  cyanite;  muscovite;  tourmaline;  gar- 
net. 

French  Broad  River. — Six  miles  north  of  Asheville,  meteoric  iron  (I). 

Hominy  Creek. — Biotite. 

Fisgah  Mountain, — Ten  miles  southwest  of  Asheville,  meteoric  iron(t). 

Turkey  Creek. — Limonite;  magnetite;  chlorite;  talc. 
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Swannanoa  Oap. — Corandum  in  cyaDite(!);  muscovite ;  2  miles  south- 
west from  gap,  limonite;  hornblende,  one-quarter  mile  northwest; 
tourmaliuef  one-quarter  mile  west. 

Swannanoa  River. — ^Near  Asheville,  meteoric  iron  (!)  with  troi^te ; 
actinolite;  black  hornblende;  berjl;  7  miles  above  Asheville,  hema- 
tite ;  9  miles  east  of  Asheville,  serpentine. 

Oeorge  Alexander's. — At  mica  mine:  beryl;  muscovite;  kaolinite. 

Elsewhere. — Oold ;  tourmaline ;  massive,  6  miles  south  of  Asheville 
and  on  French  Broad,  near  Buck  Shoal ;  garnet ;  hematite ;  galenite, 
at  L.  Fortune's;  mnscovite  in  many  mica  mines;  beryl,  blue;  talc; 
columbite;  garnet;  meuaccanite;  bed  of  limonite,  at  Blackwell's,  12 
miles  west  of  Asheville ;  chrysolite;  graphite. 

BUBKE. 

Br%ndletown,^^At  Mills's  gold  mine,  crystallized  gold ;  tetradymite ; 
montanite;  brookite;  anatase;  rutile;  zircon;  malacou ;  cyrtolite;  moua- 
zite;  xenotime;  samarskite;  columbite;  fergusonite;  hydrofergusonite ; 
adelpholite  (Y);  nienaccanite;  hematite;  magnetite;  chromite;  limonite; 
pyrite;  titanite;  cyanite;  fibrolite;  corundum;  muscovite;  vermicu- 
lite;  enstatite;  hornblende,  green  and  black;  steatite;  tourmaline, 
green  and  black;  orthoclase;  albite;  zoisite(Y);  garnet;  actinolite; 
beryl;  talc;  asbestns;  quartz,  clear,  smoky,  and  amethystine;  psilo- 
melane;  arsenopyrite(Y);  allanite;  thorite;  diamond.  (This  list  is  fur- 
nished by  W.  E.  Hidden,  and  includes  all  discoveries  to  the  close  of 
1889.) 

Beat^s  Knob. — Corundum  with  muscovite,  4  miles  southeast. 

Brown  Mountain. — Platinum,  on  Gen.  Hoke's  farm;  fiuorite;  limon- 
ite; magnetite;  albite;  kaolinite;  gold,  in  placers. 

LinnviUe  Mountain. — Meuaccanite;  hematite;  itacolumite  (!);  radiated 
pyrophyllite;  limonite;  graphite;  meteoric  iron. 

Bridgewater. — Manganese  garnet;  gold. 

Morganton, — Lead,  4  miles  north;  graphite,  at  Morganton  and  6  miles 
south;  corundum  altered  to  muscovite;  quartz  crystals;  titanite  at 
Morganton  Springs;  pyrite;  garnet;  magnetite;  chlorite (?)• 

Pax  Hill. — Gold  (I);  galenite. 

Seott^B  Hill. — Gold;  silver;  cerargyrite;  psilomelane;  zircon;  pyrite. 

Hhoup^s  Ford. — ^Beryl;  garnet;  corundum,  in  part  altered  to  fibro- 
lite (!);  gold;  magnetite;  meuaccanite;  cyanite;  tourmaline. 

South  Mountains. — Quartz  crystals,  inclosing  liquid  (I);  garnet  in 
trapezohedral  crystals  (I);  granular  hornblende;  graphite,  8  miles  south- 
east of  Morganton;  at  Ool.Gaither's  12  miles  south  of  Morganton,  gold  in 
veins  and  placers;  beryl (!), yellowish  green  anddeep  green  (aquamarine), 
9  miles  southeast  of  Morganton;  tourmaline  (!),  16  miles  southeast  of 
Morganton;  4to6milessouthof  Morganton,  serpentine;  talc;  chlorite; 
actinolite;  hematite;  magnetite;  asbestns;  magnesite;  breunnerite; 
chrysolite;  garnet;  tremolite;  corundum,  on  lands  of  ^ottVv  Q)^\^:^A\^^ 
State  Company;  arseoopyrite. 
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Piedmont  Springs. — Four  miles  west,  toarmaline. 

Olen  Alpine  Springs. — Talc. 

Whitens  Knob. — One  mile  soath,  yellow  ocher. 

Sugar  Mountains. — Qaartz  crystals,  with  double  termiaations,  ete. ; 
asbestus;  gold;  ratile;  magnetite;  beryl. 

R,  Havenar^s  farm. — Toarmaline;  musoovite. 

J.  RuffmarCs farm. — Beryl;  epidote;  actinolite. 

Laurel  road. — Nine  miles  from  Morgan  ton;  garnets,  large. 

J.  London^s  farm. — Epidote;  garnet;  pyrite;  gold. 

Totems  farm. — Gold  in  placers. 

O.  Deitz^s farm. — Beryl;  toarmaline;  albite;  sagenite. 

Hildebrand^sfarm. — Sagenite;  beryl;  asbestus;  ratile. 

Van  Horn^sfarm. — Quartz  crystals,  inclosing  ilaid;  qaartz  crystals, 
with  basal  plane ;  qaartz  crystals,  smoky ;  sagenite;  garnet. 

(The  last  eight  localities  are  famished  by  Hamphreys.) 

Elsewhere, — In  the  gold  gravel  and  sands  of  the  county  occur  gold ; 
palladium  (!) ;  corundum  ;  menaccanite ;  chroniite ;  rutile ;  auatase; 
brookite(!) ;  pyrope;  zircon  (!) ;  epidote;  tourmaline,  black  and  green ; 
fibrolite ;  xenotime  (!) ;  monazite  (!) ;  wolframite  (Y) ;  limonite  ;  magnet- 
ite; hematite. 

OABABBUS. 

Gold  in  many  veins  and  placers;  meteoric  stone;  sulphur;  chalco- 
pyrite;  magnetite;  limonite. 

Daniel  Barnhardfs  farm. — Bar n hard  tl  te. 

Barringer^s  mine. ^Gold'y  arsenopyrite. 

Boger^s  mine. — ^Tetradymite(!);  chalco|)yrite ;  azurite. 

Concord. — Rose  quartz;  hyalite;  agate  (also  at  Harrisborg) ;  cbalco- 
pyrite;  malachite;  gold;  bornite ;  asbestus,  in  rose  qaartz;  toarma- 
line; magnetite;  galenite. 

Coshjfs  mine. — Stilpnomelane  (!);  wolframite;  scheelite(!);  cupro> 
scheelite;  siderite;  barite. 

Oullen^s  mine. — Tetradymito  (!) ;  cuprite  in  cubes  (!);  pseudomala- 
chite;  scheelite  (!) ;  malachite,  in  part  pseudomorphous  after  cuprite  (!); 
azurite. 

Flowers  mine. — Wolframite  (!) ;  rhombic  tnngstace  of  lime  (!);  scheel- 
ite (!);  barite. 

Near  Oold  HUl. — Manganese  garnet;  magnetite. 

House^s  mill. — Hematite. 

Q cor ge  Ludwick^s  mine. — Gold;  arsenopyrite  (!);  tetrahedrite(!);  sco- 
rodite(!);  pharmacosiderite ;  olivenite;  pyrite;  cbalcopyrite. 

McMakin^s  mine. — Silver;  argentite;  galenite;  sphalerite;  prous- 
tite(?);  tetrahedrite,  var.  freibergite  (! !) ;  pyrolusite;  pyromorphite; 
barijte;  goslarite;  rhodochrosite ;  magnesite;  calcit«;  wad;  barite; 
talc. 

Marrisburg. — Quartz  crystals-,  agate. 
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Phcenixmine. — Gold;  tetradymite  (!) ;  in  Orchard  vein,  barite;  py- 
rite;  chalcopyrite. 

Love  minej  North  Barrier^  Fumeas^  Ulwoodj  and  No.  3,  a  group  of 
mines  around  Phoenix. — Gold ;  pyrite ;  chalcopyrite. 

Long's  mine, — Gold ;  pyrite ;  chalcopyrite ;  gaienite. 

CrowelPs  mine, — Gold ;  pyrite  j  gaienite. 

Newell  mine. — Gold ;  pyrite ;  chalcopyrite. 

Pharr  wwfic.— Gold,  in  veins  and,  placers ;  pyrite ;  chalcopyrite. 

Fisher  mine. — ^Near  Concord :  gold  ;  pyrite ;  chalcopyrite. 

Blackwelder  mine, — Gold. 

Barrier  mines. — North,  Middle  and  South  Barrier :  Gold  ;  pyrite. 

California  mine. — Gold  ;  pyrite. 

Pioneer  mills, — Molybdenite;  chalcocite;  chalcopyrite;  bamhardtite; 
molyL)dite;  chrysocolla. 

Reed's  mine. — Gold  (I !). 

Troutman^s  mine. — Sphalerite ;  pyromorphite. 

Union  mine. — Copi)er  in  arboiescent  crystals  (!)  and  plates;  chalco- 
cite; chalcopyrite;  cuprite  (!),  in  octrahodra;  malachite,  fibrous. 

Whites  mine. — Chalcopyrite  ;  aikinite  (f). 

Elsewhere. — Gold  ;  pyrite ;  agate ;  barite ;  gaienite ;  sphalerite ;  mag- 
netite; steatite. 

CALDWELL. 

Baker's  mine, — Gaienite;  serpentine;  picrolite;  chry8otile(!);  chryso- 
lite; pyromorphite;  anglesite;  cerussite;  asbestns;  marmolite;  psilome- 
lane;  chromite. 

Buffalo  River, — At  Patterson's  mill :  pyrite  in  quartz. 

Lenoin — Magnetite;  native  sulphur  in  quartz  (!);  psilomelane,  4 
miles  west;  asbestus,  6  miles  east;  hornblende,  6  miles  west;  amianthus, 
15  miles  northwest. 

King's  Creek. — Asbestus ;  anthophyllite ;  steatite. 

PueWs. — Kaolin  i  te. 

Little  John  mine, — Gold  (!);  gaienite;  graphite. 

Miller's  mine, — Gold ;  gaienite ;  pyromorphite. 

Fort  Defiance, — Tourmaline;  beryl;  graphite;  garnet 

Patterson. — Magnetite ;  hematite ;  menaccanite ;  compact  serpentine. 

Wilson^s  Creek^  near  mouth. — Serpentine ;  talc. 

Upper  Creek, — Gold;  tourmaline;  limonite. 

Near  Grandmother  Mountain. — Gold  in  placers ;  pyrite ;  quartz. 

TuttWs  mine. — Gold  in  placers. 

Richlands. — Magnetite;  hematite;  chlorite;  seri^entine;  talc ;  martite. 

Middle  lAttle  River. — Limonite;  x)aragonite  (Y);  muscovite;  hematite. 

Lower  Creek. — Gold,  in  the  gravel  of  most  of  its  tributaries  below 
Lenoir. 

Flseichere. — Gold,  in  placers  and  veins;  sulphur;  cuprite;  pyrite^ 
quartz  crystals;  c*i)idute;  muscovite;  orthocVaa^*,  ^i^?L\i\Yife*,  \Si'8j^a«2Q^^J^^ 
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tourmaline;  paragonite  (Y),  common  in  schists;  mascovite;  hematite; 
limonite ;  chlorite ;  tremolite. 


OAMDEN. 


Galcite  in  marl  beds. 


OARTSRET. 


Galcite  in  marl  beds. 


CASWELL. 


Meteoric  iron  (!);  garnet;  magnetite;  pyrite. 

Lewhurg. — Albite  (Y),  3  miles  west  of  Leasburg;  fibrous  tourmaline  (!); 
chlorite ;  epidote. 

CATAWBA. 

Ball  Greek  mine. — Magnetite ;  kaolinite. 

Roberson  mine. — Magnetite. 

Abemathy  mine. — Magnetite. 

JAttl^ohn^s  mine. — Limonife ;  hematite. 

Hickory. — Graphite,  crystallized ;  pyrite (!);  alnnogen;  wad;  amphi- 
bole;  hematite;  pyrolusite;  limonite;  quartz  crystals;  amethyst(!); 
garnet(!);  muscovite;  pyrrhotite;  magnetite;  chalcopyrite;  calcite and 
pyrrhotite  near  Hickory;  graphite,  2  miles  southwest. 

Hoaper^8  quarry. — Granular  calcite;  pyrite;  gold;  graphite;  tremolite. 

Newton. — Kaolin;  magnetite,  at  the  Barringer  mines;  pyrite;  tabnlar 
quartz,  6  miles  west  and  10  miles  northeast  of  Newton. 

Keeversville.—(ixi9LViz  crystals;  muscovite. 

Ramscur's. — ^M  usco  vite. 

PowelVs  quarry. — Galcite,  granular  (I);  pyrite. 

ShuforWs  mine. — Gold ;  pyrite. 

ShuforcPs  gt^arr^.— Calcite;  magnetite;  rose  quartz;  amethyst. 

South  Mountains. — Graphite;  cyanite;  garnet. 

Anderson^s  Mountmn. — Magnetite;  calcite;  at  Avery  Shuibrd's^actin- 
olite. 

Forney^s  mine. — Magnetite. 

BearcPa  mine. — Magnetite. 

PowelVs  fa^ctory. — Manganese  garnet. 

Elsewhere. — Gold,  in  placers  and  veins;  graphite;  rutile,  in  acicular 
crystals  in  amethyst(!);  rock  crystal(!);  quartz  crystals'  inclosing 
liquid(I);  beryl(!);  garnet(!);  cyanite;  kaolinite;  alunogeu;  wad;  rutile 
in  quartz  (sagenite),  at  D.  Lutz's;  beryl;  paragonite  (Y),  common  in 
the  schistose  rocks. 

E.  BaUhh  farm. — Muscovite;  garnets;  amethyst;  smoky  quartz 
crystals  containing  liquid  ;  crystals  of  quartz  with  basal  plane ;  graph- 
ite ;  black  and  brown  tourmaline ;  rutile  (a<iicular) ;  beryl  (blue,  green^ 
yellow) ;  feldspar. 
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JJ.  BalcWsfarm. — Liquid-beariug  qaartz  crystals  ;  gold )  sagenite. 

Widow  BalcVs  farm, — Sagenite ;  liqaid-bearing  quartz  crystals,  with 
basal  plane ;  tourmaline ;  rose  qaartz. 

Rev.  Huffman^s  farm, — Tessellated  qaartz  crystals ;  same,  liquid  bear- 
ing; menaccanite;  sagenite.  ^ 

/Spancer'^ /arm.— Qaartz  crystals  doubly  terminated;  same,  liqaid- 
bearing;  same,  inclosing  mica;  same,  with  asbestus;  same,  with  py rite; 
rntile  in  quartz  cry  stalls ;  amethyst ;  cyanite ;  tourmaline ;  magnetite. 

Near  Canova, — Smoky  quartz  crystals,  large ;  crystals  of  amethyst, 
doubly  terminated,  inclosing  rutile  (yellow). 

CHATHAM. 

Buckhom. — Hematite,  foliated, granular,and  micaceous ;  magnetite; 
rutile  in  quartz ;  manganese  garnet ;  muscovite ;  psilomeiane ;  limon- 
ite;  epidot^. 

Carbanton. — Pyrophyllite  slate  (1) 

Clegg^s  mine, — Oalenite ;  bornite ;  chalcopyrite ;  pyrite  in  cubo-octa- 
hedra;  cuprite;  chrysocolia;  pseudomalachite (!) ;  cerus8ite(!);  mala- 
chite (I),  fibrous  and  earthy;  azurite;  anthracite;  calcite;  galenite; 
prochlorite  (f ). 

JDeep  River. — Pyrophyllite  slate  (!) ;  anthracite ;  bituminous  coal. 

Egypt. — Siderite  (black  band  and  ball  ore) ;  dufrenite  (!) 

Evawfs  mine, — Hematite ;  chloritoid  in  pyrophyllite  slate. 

Unthank^a  mine. — Magnetite. 

Farmville. — Siderite  (!)  (black  baud  and  ball  ore) ;   bituminous  coal. 

Oulf — Siderite  (black  band  and  ball  ore) ;  bituminous  coal ;  limo- 
nite. 

Lockville. — ^One-half  mile  above  Lockville,  hornstone ;  7  miles  west 
of  Lockville,  foliated  and  micaceous  hematite;  6  miles  southeast  of 
Lockville,  fine  granular  and  compact  hematite;  4  miles  southeast, 
garnet. 

Kellifa  ore  bed. — Hematite  (!) 

OloHf^g  mine. — Magnetite. 

Fittsboro. — One-half  mile  west,  kaolin  ;  6  miles  south,  on  Rock  Oreeki 
chalcopyrite  (!) ;  at  Gum  Spring,  limonite,  pseudomorphous  after  pyrite; 
7  miles  west,  kaolin ;  10  miles  southwest,  micaceous  hematite ;  16  miles 
west  (B.  J.  Powell's),  hematite ;  magnetite. 

Fearringtoris  mill. — Three  miles  west,  hematite. 

lAndley's  mine. — Gold ;  pyrite ;  chalcopyrite. 

Harper^s  Cross-Roads. — Kaolin. 

Heahfs  Bridge. — One  mile  east,  wad. 

Ore  HilU — Hematite,  compact,  foliated,  and  micaceous ;  limonite  (!); 
magnetite. 

Cane  Creek. — Gold,  in  veins ;  pyrite. 

William^s  mine. — Galenite ;  chalcopyrite. 

Battlers  Dam. — Rose  quartz;  hematite-,  garnet',  ^%\Vyav^^\i^« 
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Snipeti^s  mine, — Magnetite;  epidote;  chrytiocolla;  azarite. 
Danelljfs  Creek, — Gold;  pjrite;  chlorite. 

EUewhere, — Gold,  in  placers  and  veins;  chalcopyrite,  month  of  Rocky 
Biver;  pinite;  halite  in  brine ;  amethyst;  kaolin;  halloyaite. 

CHSROKEE. 

Hanging  Dog  Creek. — ^Tonrmaline ;  limonite ;  stanrolite. 

Marble  Creek. — Tremolite;  talc;  caleite,  (granular),  white,  pink, 
gray  (!). 

Murphp, — Galenite ;  pyrolnsite ;  limonite  (!) ;  wad  ;  tremolite ;  talc  (!) ; 
cemssite;  at  Number  Six  mine,  calcite ;  tremolite;  gold;  galenite  (ar- 
gentiferous). 

Nantehaleh  River. — Niter  in  slates ;  calcite  (!),  grannlar,  white,  and 
pink ;  talc,  massive  white. 

Parker  mine. — Stanrolite  (!) ;  gold;  garnet. 

Feachtree  CreeA'.— Hematite;  garnet;  biotite;  limonite;  asbestus;  red 
ocher;  talc. 

Valley  River. — Hematite;  phlogopite;  talc;  calcite  (granular) ;  dolo- 
mite; yellow  ocber;  limonite;  gold,  in  placers;  stanrolite;  corun- 
dum in  cyanite,  half  way  beiween  Murphy  and  Yalleytown. 

Brasstoton  Creek. — Gold  in  veins  and  placers;  calcite;  limonite. 

Notteley  River.^liimomtQ]  calcite;  talc;  stanrolite;  garnet. 

VaXleytown. — Kntile;  at  Whittaker's,  brown  ocher. 

Number  Six  mine. — Tremolite ;  calcite. 

Beaverdam  Creek. — Smok3'  quartz  (at  month  of  Greek). 

ElHewhere.-— Gold  in  placers ;  cyanite,  more  or  less  altered  to  musco- 
vite;  staurolite  (!);  pseudomorphs  of  muscovite  after  stanrolite.  The 
staurolite  localities  are  1 1^,  15^,  and  17  miles  west  of  Murphy,  and  11 
miles  from  Ducktown,  on  the  Morgauton  road. 

CHOWAN. 

Calcite,  in  marl  beds. 

CLAY. 

Cullakenee  mitie^  Buck  Creek. — Corundum  (!),  white,  gray,  pink,  and 
ruby,  frequently  altered  iutoother  minerals;  spinel  (!),  rare;  chromite(!) 
drnsy  (]uartz;  black  hornblende  or  arfvedsouite  (!) ;  smaragdite ;  chryso- 
lite  (!):  zoisite  (!) ;  audesite  (!);  labradorite  (!) ;  orthoclase  (!)  tourmaline; 
Herpentine,  massive  and  variety  picrolite(!);  willcoxite;  margarite  (!!); 
talc;  albite;  cyanite;  eustatite;  augite  (?);  proclilorite. 

BraHstown. — Micaceous  hematite. 

Shooting  Creek, — Corundum  (!);  pseudomorphous  quartz  after  feld- 
spar (f);  actinolite;  chrysolite;  talc;  prochlorite;  willcoxite  (!) ;  mar- 
garite; rock  crystal;  magnetite;  cyanite;  muscovite;  gold  in  placers; 
rutilein  black  crystals ;  garnet;  pyrite;  chalcopyrite;  micaceous  hem- 
atitef  limonite;  prochlorite  (1). 
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TusquUtah  Creek. — Gold  iu  phicers  and  veins;  staurolite;  rutile. 
Tipton^s, — Corundum;  cyanite  (green) ;  mnscovite. 

^  CLEVELAND. 

Whitenide  mine. — ^Gold  in  placers. 

Mountain  mine. — liock  crystal  (!);  tourmaline  (I);  garnets;  gold  in 
placers;  graphite;  arsenopyrite;  galeuite;  muscovite  (!);  melanterite; 
alunogen ;  pyrite,  abundant  iu  gneiss  and  mica  schists;  tourmaline. 

Cleveland  Milk. — Two  miles  distant,  limonite. 

Shelby. — Within  a  few  miles,  muscovite  iu  large  plates;  magnetite; 
actinolite;  tourmaline. 

Double  Shoals. — ^Arsenopyrite. 

COLUMBUS. 

Galcite,  in  marl  beds;  near  Whiteville,  in  crystals. 

CRAVEN. 

Oalcite,  in  marl  beds ;  glanconite,  in  greensand. 

CUMBERLAND. 

Petrified  wood,  Fayetteville ;  calcite, in  marl  bed;  lignite,  limonite. 

CURRITUCK. 

Galcite,  in  marl  beds. 

DABE — (None.) 

DAVIDSON. 

Cid  mine. — Ghalcocite. 

David  Beckys  mine. — Tetradyraite  (!) ;  montanite  (!). 

Boss's  mine. — Galenite,  coarse  grained. 

Conrad  Hill, — Ohalcopyrite ;  hematite;  limonite;  siderite;  mala- 
chite; barite. 

Allen  mine. — Gold;  pyrite;  chalcopyrite;  arsenopyrite;  tetradymite. 

EmniontPs  mine. — Ohalcopyrite ;  pyrite. 

Lofiin  mine. — Chalcopyrite ;  pyrite. 

Millefs  mine. — Sphalerite;  chalcopyrite. 

Harrises  mine. — Gold ;  pyrite ;  chalcopyrite. 

Moore? 8 mine. — Galenite;  pyrite;  calcite. 

Silver  Hill. — Silver  (!);  argentite;  highly  argentiferons  galenite  (!); 
sphalerite (!);  chalcocite;  pyrite;  chalcopyrite;  cuprite;  melaconite; 
zoisite(?);  orthocla8e(!);  calamine;  pyromorphite(!!);  green,  yellow, 
brown,  black,  and  colorless;  wavellite(!);  stolzite(!);  anglesite(!);  gos- 
larite;  chalcanthite(!);  calcite;  cern8site(!!)  in  fine  crystals,  massive 
ftnd  in  pseadomorphs  after  pyrite;  malachite. 


96  THE   MINERALS   OF   NORTH   CAROLINA.  [BULuTi 

Thomcbsmlle. — Bpidote;  inuscovite;  biotite;  magnetite;  amgite. 
Silver  Valley. — Galeuite;  sphalerite;  pjromorphite. 
Uharrie  i^ivcr.— Sphalerite.  j, 

Russell  mine, — Gold;  pyiite. 

WarcTamine. — Gold;  electram(!);  pyrite;  chalcbpyrite. 
Delk  mine. — Gt)ld ;  limonite ;  hematite ;  pyrite. 
Laughlin  miiie. — Gold;  limonite;  hematite;  pyrite. 
Miller  mine. — Gold;  pyrite;  limonite;  hematite. 
Brown  mine. — Gold ;  pyrite. 

Midway. — Gold;  pyrite;  chalcopy rite ;  chalcedony;  homstone. 
Lick  Creek. — Meteorite. 
Elsewhere. — Gold,  in  veins  and  placers ;  titaniferbas  magnetite. 

DAYIB. 

Magnetite;  hematite,  in  several  localities  in  beds;  calcitCi  granular, 
on  Yadkin  river. 

DUPLIN. 

Galcite,  in  marl  beds ;  limonite ;  glanconite ;  pyrite ;  lignite. 
Near  Magnolia,  phosphatic  beds. 

DURHAM. 

Durham. — Pyrite. 

Near  Knap  of  Reeds. — At  James  Woods's  hematite  (!) ;  magnetite(!); 
steatite. 
Red  Mountain. — ^Epidote. 

EDGECOMBE. 

Vivianite,  in  marl;  limonite;  glanconite;  i)yrite;  lignite;  kaolinite, 
near  Battleboro;  calcite  in  marl  beds ;  radiated  and  tabular  quartz  at 
Kocky  Mount. 

FORSYTH. 

ft 

Piaffes  quarry. — ^Calcite,  granular. 

Near  Salem. — Magnetite,  four  miles  south;  manganese  garnet;  hal- 
loysite;  hematite;  micaceous  hematite;  graphite;  emery  variety  of 
corundum;  wad;  halloysite. 

Old  Town. — Orthoclase;  halloysite;  asbestus;  hematite;  kaolin; 
talc. 

Near  Kernersville. — ^Enstatite,  var.  bronzite;  chrysolite;  tonrmaliue; 
magnetite;  hematite;  chlorite;  pyrite. 

BrooJcstown. — Galcite;  tremolite. 

Elsewhere. — Titaniferous  maguetite  (I) ;  gold ;  also  pure  magnetite  (!); 
Berpentiae, 
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FRANKLIN. 

Portis  mineH, — Gold  in  placers  (!) ;  diamond  (!) ;  mascovite,  in  large 
plates;  magnetite;  asbestos;  tabular  quartz. 
Franklin, — Kaolin. 

H^ear  Louisburg. — Halloysite ;  asbestus ;  tabular  quartz. 
Mann  Arrington  mtn^.— Franklinite  (f  )• 
LanreL — ^Muscovite. 

GASTON. 

Asbury^s  mine.— Silver ;  tetradymite;  galenite;  pyrrhotite;  pyrite*; 
leiicopyrite;  auriferous  arseuopyrite;  bismite;  scorodite;  montauit«(Y^; 
cerussite ;  bismntite  (!). 

Cansler  and  Shvford  mine, — Gold  (!) ;  galenite. 

OluhVi  Mountain, — Goruuduni,  red  and  blue  (!),  also  mammilary  (Dr. 
Hunter);  rutile(!!);  tourmaline,  granular  and  fibrous;  leopardite; 
cyanite(!) ;  pyrophyllite  (!) ;  muscovite  (!) ;  lazulite  (!) ;  talc;  quartz 
crystals ;  margarite ;  hematite ;  muscovite ;  manganese  garnet ;  mag- 
netite ;  gold ;  iron  garnet. 

Clear  Mimntain, — Lazulite. 

Crawder^s  Mountain. — Corundum,  red  and  blue  (!),  also  variety  emery ; 
rutile  (!);  in  crystals  and  granular ;  gold;  uieuaccanite ;  cyanite(!); 
topaz  (f);  pyrophyllite  (!) ;  muscovite  (!) ;  monazite ;  lazulite  (!) ;  barite, 
with  galenite  (argentiferous) ;  hematite;  limonite;  sphalerite;  tourma- 
line; pyrite;  chalcopyrite ;  manganese  garnet;  pyromorphite. 

Yellow  Ridge, — Magnetite. 

Stow^H  Factory  — Magnetite. 

Sloan  mine, — Gold ;  pyrite. 

BecWs, — Pyrolusite;  manganese  garnet;  psilomelane. 

High  Shoals. — Une  mile  above,  granular  calcite. 

Ellison  ore  bank. — Hematite ;  magnetite ;  chlorite ;  orthoclRse ;  epi- 
dote ;  tourmaline. 

Ormond  ore  bank, — Limonite,  compact  and  fibrous;  psilomelane,  nick- 
el iferous. 

Mountain  mine.— Hematite,  mammilary  and  cellular;  pyrolusite; 
quartz. 

Kinffs  Mountain. — Gold ;  galenite ;  altaite ;  chalcopyrite ;  sphalerite ; 
tetrahedrite  ;  nagyagite;  magnetite;  bismite;  calcite;  dolomite;  pyr- 
rhotite; chalcopyrite;  limonite  ;  barite;  i)yrite;  graphite;  cassiterite. 

Ix>ng  Creek  mine, — NickeUferous  psilomelane  (!) ;  gold;  pyrite;  flno- 
rite ;  sphalerite ;  mispickel ;  galenite. 

Duffie  mine. — Gold ;  pyrite ;  chalcopyrite ;  also  at  B.  Wells's  mine. 

Oliver  mine, — Gold ;  silver ;  galenite. 

Whitens  mills, — Epidote;  biotite;  orthoclase  (!) ;  pycnite;  titanite. 

Wells's  farm, — Magnetite;  hematite;  pyrite;  rutile ;  garnet;  zircon  (f); 
beryl;  tourmaline;  monazite;  asbestus;  menaccanite;  azurite;  bor- 
Dite  (f ). 

Bull.  74 7 
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Rhodes^s  mine, — Epidote ;  actinolite ;  gold. 

Ferguson  mine. — Magnetite  ;  pyrite. 

All- Healing  Springs, — Barite. 

Elsewhere. — Snlphnr;  pyrite;  magnetite;  calcite;  siderite;  gold  in 
placers  and  veins,  at  the  Dew,  Smith,  Farrar,  Beattie,  McLean,  High 
Shoals,  and  Oannon  mines. 

GATES. 

Calcite,  in  marl  beds. 

GRAHAM. 

Crold;  calcite,  granalar,  white,  and  flesh-colored;  talc;  pyrite. 

GRANVILLE. 

Taung^s  Cross  Roads. — Gold;  pyrite;  two  miles  southeast,  malachite. 

Near  Oxford. — Magnetite;  limonite;  epidote;  hematite;  gold;  lignite 
on  Tar  Kiver,  near  Crews's. 

Patterson  mine. — Native  copper. 

Orissom. — Eiistatite. 

Bowling^s  Mountain. — Radiated  pyrophyllite. 

Sassafras  -Forfc.— Gold;  pyrite;  a  few  miles  north,  malachite;  tour- 
maline; quartz  crystals;  agate. 

Near  Shiloh  Church. — Epidote;  labradorite;  calcite. 

Elsewhere. — Stlbnite,  in  the  northern  part  of  the  county,  on  land  of 
N.  A.  Gregory. 

GREENE. 

Limonite;  siderite;  glauconite;  calcite  in  marl. 

GUILFOBD. 

Cambridge  mine, — Cbalcocite;  pyrite  (I);  chalcopyrite;  baruhardtite; 
chrysocoUa;  mahicbite. 

Fisher  Hill. — Gold;  pyrite;  chalcopyrite;  magnetite;  hematite;  men- 
accanite;  limonite;  pseudomalachite;  siderite. 

Beard  mine. — Gold. 

Friendship. — Granular  corundum  (emery);  titaniferous  magnetite. 

Gardner  Hill, — Bornite(!);  chalcopyrite;  chrysocolla;  malachite. 

Greensboro. — Hornblende,  at  Polecat  Creek ;  pyroxene;  pyrite;  five 
miles  west,  gold ;  pyrite;  chlorite;  nine  miles  south,  kaoliuite,  and  also 
six  miles  west. 

High  Point. — Graphite;  talc;  chalcopyrite;  orthoclase. 

McLeansville. — Asbestus  (?)  in  green  quartz. 

Near  Alamance  Church. — Kaolinit^. 

McCulloh  mine. — Copper;  cuprite  in  acicular  crystals  (!);  pyrite; 
chalcopyrite;  siderite;  malachite. 

Near  Jamestown. — Gold;  pyrite;  steatite. 
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North  Carolina  {Fentress)  mine, — Cuprite  iu  acicular  crystals  (I);  py- 
rite;  cbaleopyrite;  siderit^;  malachite. 

Phcenix  mine. — Chalcopyrite ;  covellite. 

Elsewhere. — Gold  iu  veins;  meteoric  iron;  molybdenite;  limonite; 
roek  crystal;  pyritc;  manganese  garnet;  magnetite;  asbestos  in  green 
quartz  (!),  ( Humphrey's) ;  titaniferous  magnetite,  with  hematite  and 
limonite,  chlorite,  in  a  double  range  of  outcrops  of  20  miles  length 
across  the  northwest  section  of  the  county,  from  the  head  of  Deep  River, 
on  the  Forsyth  line,  to  the  Rockingham  line,  near  the  Piedmont  rail- 
road at  Haw  River;  kaolin  at  C.  S.  Leonard's,  in  the  southern  part  of 
the  county. 

HALIFAX. 

Near  Ransom^s  Bridge. — Gold  in  placers;  pyrite. 

Fishing  Creek. — Magnetite  crystals  and  cubical  pyrite  in  slate. 

Gaston. — Hematite,  micaceous  and  granular;  magnetite;  chlorite; 
limonite;  6  miles  south,  Hines's  place,  hematite;  magnetite. 

Ehewhere. — Petrified  wood;  epidote;  zircon  and  garnet,  in  gold 
gravels;  calcite  and  glauconite  in  marl;  apatite;  epidote. 

HABNETT. 

Harrington. — Calcite,  granular. 

Near  Buekhorn. — Hematite;  rutilein  quartz;  epidote;  prochlorite (t). 
Northington^s  Dam. — Chrysocolla;  calcite,  in  gneiss  roek. 
Little  River. — Magnetite,  several  places. 
DougUiss  ore  bed. — Magnetite. 
Chalk  Level. — Limonite  (bog  ore). 
Hectares  Creek. — Smoky  quartz. 

Elsewhere. — Talc;  magnetite;  kaolin,  abundant  at  Spout  Springs  and 
at  several  other  places. 

HAYWOOD. 

Big  Ridge  mine. — Muscovite;  biotite;  tourmaline;  apatite;  menac- 
canite;  albite;  autunite;  kaolin. 

Waynesville. — Corundum;  two  miles  above,  talc;  avsbestus;  tremolit^e; 
on  Richland  creek,  2  miles  below,  psilomelane;  garnet;  limonite;  mus- 
covite;  cyanite;  4  miles  south,  menaccanite. 

HaWsmine. — Chrysolite;  corundum;  talc;  chlorite;  tremolite. 

Presley  n^ine. — Corundum,  blue  and  gray,  altered  into  muscovito  and 
albite;  albite;  muscovite  in  large  crystals,  also  in  scales  eryptocrys- 
talline  and  compact. 

Wilkins^s  Oreefc.— Magnetite  with  limonite ;  chalcopyrite ;  pyrite. 

Cove  Creek. — Psilomelane;  limonite. 

Pigeon  Rivery  ea^st fork. — Corundum;  pyrrhotite;  wad. 

Pigeon  River y  tcest  fork. — At  Sorrell's  mine,  nickeliferous  (!)  pyr- 
rhotite. 
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Upper  Pigeon  Valley. — Graphite. 

Ground  Hog  Creek. — Galenite. 

Jonathan^  Creek, — Cyaiiite;  pyrrhotite;  graphite;  garnet. 

Ruce^smine, — Opaleacent  quartz ;  pyrite;  garnet. 

Springdale, — Melauterite;  pyrite. 

HENDERSON. 

ColemarCs  Station — Zircon;  phlogopite;  jefferisite. 

Oreen  River, — On  south  side  of  Blue  Ridge,  at  Freeman's,  zircon ; 
xanthitaiie;  calcite,  granular;  titaniferous  garnet  at  Jones's  mine; 
auerlito;  on  Price's  farm,  zircon;  auerlite;  on  the  Davis  land,  i>oly- 
crase;  zircon;  monazitej  xenotime;  cyrtolite;  magnetite. 

Elsewhere. — Beryl;  linionite;  hematite;  vermicalite;  oieteoric  iron* 


HERTFORD. 


Galcite,  in  marl  beds. 


HYDK— (None.) 

IREDELL. 

Belfs  Bridge. — Pyrite  in  soapstone;  corundum  (!)  in  globular  masses, 
partly  altered  into  muscovite,jetc, ;  near  Belt's  Bridge,  linionite;  Hen- 
drick's  farm,  corundum  in  hexagonal  crystals  (!)  partly  altered  into  mar- 
garite;  orthoclase;  tourmaline;  muscovite(!)  soda-ma rgarite  at  Heu- 
drick's  farm. 

Center  Point.  At  Beam's  farm ;  limonite  (!)  pseudomorphons  after 
nodular  pyrite. 

Crawford!  a  farm. — Quartz  pseudomorphous  after  (»lcite. 

Ba7na8CU8. — Menaccan  ite. 

Dr.  Halyburton^8. — Leucopyrite  (!);  scorodite. 

King^s  Mill, — Graphite  (!);  hematite  in  hexagonal  plates  in  quartz; 
rutile  (!),  in  quartz,  at  Mrs.  Jordan's,  Alex.  Lackey's,  Misses  Bennett's, 
Thomas  Adams's  and  Mrs.  Smith's  farms ;  rock  crystal  (I):  quartz  crys- 
tals inclosing  liquid  (!);  chalcexlony ;  tourmaline  (!). 

Mount  Pisgah. — Kutilated  quartz  (!)  at  Mrs.  Daniel's  farm;  chloritic 
mineral  resembling  thuringite. 

Rocky  Creek, — Graphite. 

Spring  Mountain, — Graphite  (!). 

Statesville. — Near  Statesville,  titanite  in  gneiss;  quartz  ^crystals;  6 
miles  north,  allanite;  8  miles  southeast,  on  road  to  Salisbury,  tremolite; 
2  miles  west,  corundum  (I),  rarely  altered  into  cyanite  (!);  orthoclase  (!) 
on  IIoup's  farm;  cyanite  (!),  2  miles  west  and  6  miles  southwest  of  States- 
ville on  Hoover's  farm,  with  muscovitc  (!) ;  4  miles  distant,  goethite  in 
thin  scales,  in  light  red  feldspar  (sunstone);  5  miles  west,  on  John 
Sumpter's  farm,  rutile ;  zircon ;  cyanite ;  transparent  ripidolite.  7  miles 
north;  on  farm  of  G,  W,  Chipley,  near  South  Yadkin  River,  gray  corun- 
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dum  in  crystals.  At  Statesville  rock  quarry,  snnstone;  titanite ;  horn- 
blende in  large  crystals. 

Bethany  Church. — ^AllanitCy  with  small  crystals  of  zircon :  above 
Lock's  Bridge,  comndum  altered  into  prochlorite  and  margarito. 

Hunting  Creek. — ^Albite ;  blue  corundum  altered  into  rhaetizite.  On 
dale's  farm,  near  Campbell's  Mill,  large  bowlders  of  cyanite  inclosing 
crystals  of  blue  corundum. 

Near  Shiloh  Church. — Red  ocher. 

Near  Holland  Springs. — Quartz  crystals. 

Davidson  Toumship. — Quartz,  inclosing  transparent  red  goethite. 

Rockwell. — Smoky  quartz. 

J729et47^^e.— Marcasite;  magnetite  near  Comb's,  and  on  South  Yad- 
kin Biver. 

JACKSON. 

Casher's  Yalley. — ^Bismutite ;  talc )  muscovite ;  amethyst ;  rock  crys- 
tal ;  gold ;  pyrite ;  chalcopyrite. 

Cullowhee  mine. — Chalcocite;  pyrite;  melaconite;  chalcopyrite  (!); 
hornblende ;  malachite. 

Hogback  mine. — Corundum  (I);  rutile  in  cornndnm,  rare;  cliromite; 
drusy  quartz;  chrysolite  (I) ;  andesite  (!);  tourmaline;  muscovite  (!) ; 
dntUeyite;  margarite  (I). 

Savannah  mine. — Chalcopyrite;  hornblende;  tonrmaline;  malachite. 

Horse  Cove. — Muscovite;  beryl. 

Tennessee  Creek. — Tremolite;  grammatite;  chlorite;  actinolite;  talc; 
asbestus;  prochlorite  (t). 

Whiteside  Mountain. — Oamet ;  orthoclase ;  tremolite ;  actinolite ; 
chalcopyrite ;  magnetite ;  asbestus ;  muscovite ;  biotite ;  wad. 

Balsam  Mountain. — Tourmaline ;  pyrolusite ;  chalcopyrite. 

Waryhut  mine. — Chalcocite;  chalcopyrite;  cuprite;  malachite. 

Georgetown  and  Fairfield. — Gold  in  placers. 

Webster. — Cornndnm;  chromite;  pyrolusite;  wad;  chalcedony;  drusy 
quartz;  enstatite  (I);  tremolite  J);  actinolite  (!);  asbestus;  chrysolite (!); 
talc  (I);  serpentine;  marmolite;  deweylite;  genthite;  penninite  (!); 
magnesite  (!),  crystalline  and  earthy;  magnetite;  kaolin;  kammererite; 
G  miles  north,  chrysolite  and  enstiitite;  10  miles  west,  hornblende. 

Wolf  Creek  mine. — Chalcocite ;  native  copper;  chrysocolla;  chalcopy- 
rite; malachite. 

Ainslii?s. — Chrysolite;  chromite;  talc;  chlorite;  enstatite;  smarag- 
dite(t);  asbestus;  tremolite;  garnet;  actinolite;  albite. 

Sootfs  Creek. — Chrysolite;  chromite;  talc;  penninite  (var.  kam- 
mererite) ;  enstatite ;  chlorite ;  corundum  (blue  and  pink). 

Toxaway  River, — Calcite,  granular, 

Elsewhere, — Gold  in  placers;  psilomelane;  calcite;  asbestus;  talc; 
linionite;  muscovite  in  many  mica  mines;  galenite;  at  Bryson's  aud 
in  Hogback  Yalley,  hematite;  at  Br.  Morgan?B^ pQiv\om^^\i^« 
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JOHNSTON. 

Elevation, — Clay  ironstone ;  pyrite. 
Leechburg, — Limonite. 

Near  Clayton. — Chloritic  talc  slate ;  graphite ;  kaolin. 
Near  Princeton  — Epidote. 
Near  tSmithJield, — Liraonito  in  many  places. 

Elseichere. — Fossil  wood ;  kaoliuite ;  magnetite ;  pyrite;  tourmaline; 
gfaphite;  epidote;  muscovite;  quartz  crystals ;  hematite. 

JONES. 

Galcite,  in  marl  beds ;  limonite. 

LENOIR. 

Calcite,  in  marl  beds;  glaaconite,  in  green  sand  marl. 

LINCOLN. 

TAncolnton, — Galcite ;  12  miles  northwest,  reticulated  acicalar  rntile; 
halloysitc;  kaoliuite;  graphite;  limonite, 7  miles  northwest  and  2miU'S 
east;  on  land  of  S.  W,  Childs,  arsenop^rite. 

BrevarcTn  Forge. — One  and  one  half  miles  from  Vesuvius  furnaci*, 
magnetite  (!) ;  manganese  garnet;  quartz  crystals. 

Cottage  Home. — Diamond  (!) ;  gold ;  chalcopyrite. 

Macpelak  Church. — Manganese  garnet;  psilomelane;  pyrite  and  chal- 
copyrite, 2  miles  east. 

Oraham  mine. — Chalcopyrite ;  gold. 

McBee^H. — Psilomelane. 

Eeenerh  quarry. — Chalcopyrite ;  bornite. 

Iron  station. — ^Vivianite. 

Randleman^s. — Quartz  crystals;  amethyst  (!). 

Stow^H  quarry. — Calcite,  granular  and  compact. 

Elsewhere. — Gold  in  placers  and  veins;  sulphur;  graphite;  hematito; 
magnetite;  limonite;  muscovite;  kaoliuite;  e|)i(lote  ;  pyrite;  calcite, 
near  Lincolnton  (!);  asbestus ;  chalcedony ;  garnet ;  p»iIouielaue ;  talc; 
cuprite ;  cyauite,  blue  and  red  ;  galeuite ;  graphite ;  limonite ;  menac- 
canite;  actinolite. 

MACON. 

Houston^s  mine. — Muscovite;  corundum:  talc;  tremolite;  chlorite; 
tourmaline. 

JjyJ^smine. — Muscovite;  biotite;  kaoliuite. 

J.Moor^s. — Chromite;  corundum. 

Thorn  Mountain  mine, —  Muscovite;  biotite;  manganese  garnet; 
albite;  uranochre (?) ;  zippeite(?);  beryl;  pyrrhotite;  chalcopyrite. 
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Culsagee  mine  or  Corundum  Hill, — Gorundam  (!)  in  beautiful  varieties 
crystallized  and  massive,  aud  frequently  in  part  altered  into  other  min- 
erals; chromite(!);  spinel  (!)  in  crystals  and  granular;  rutile(!),  rare; 
diaspore  (!)y  one  specimen  only  known;  drusy  quartz  (!)  and  quartz 
crystals;  chalcedony;  hyalite (!);  enstatite(!);  tremolite;  arfvedson- 
ite  (!) ;  chrysolite  (!) ;  andesite  (?) ;  oligoclase ;  tourmaline  (!) ;  talc  ; 
serpentine  (!) ;  deweylite  (!) ;  cerolite ;  genthite  (!) ;  culsageeite  (!) ;  luca- 
site;  kerrite(!);  macouite(!);  penninite(!) ;  prochlorite  (!) ;  willcox- 
ite(!);  margarite(!);  anthophyllite ;  actinolite;  magnetite. 

Bryson's  mines, — Muscovite  (!);  labradorite;  almandite  garnet ;  ortho- 
clase;  albite;  biotite. 

Near  Franklin, — Sphalerite;  chalcopyrite;  menaccanite  (!) ;  wad;  gar- 
net (!);  epidote(!);  iibrolite  (!);  cyanite  (!);  stanrolite  (!);  kaoiiuite  (!); 
rhodochrosite;  corundum;  pyrite;  7  miles  south,  chromite,  chlorite;  9 
miles  south,  chrysolite ;  11.}  miles  south,  prochlorite ;  14  miles  south, 
corundum  and  talc  in  chrysolite. 

Highlands, — Bismutite ;  beryl. 

Ha^sketVs, — Limestone  quarry;  magnetite;  corundum  (!),  in  part 
altered  into  muscovite ;  tourmaline;  calcite;  garnet;  molybdenite. 

Jacol^smine, — Corundum;  asbestus;  tremolitr;  chrysolite. 

Sugartoum  Creek, — Chromite;  tremolite;  actinolite;  asbestus:  chrys- 
olite; garnet;  biotite;  orthoclase;  magnetite;  hematite;  8  miles 
from  Franklin,  prochlorite ;  talc ;  asbestus. 

Kantehaleh  River. — Asbestus;  talc(!);  compact  limestone  (!);  niter; 
at  month  of  river,  orthoclase. 

Tennessee  River j  below  Franklin, — Garnet ;  stanrolite ;  cyanite ;  mus- 
covite; columbite. 

Tibbefs  mine, — Pleonaste ;  zircon. 

West^s  mine. — Ruby  corundum  with  cyanite. 

Gregory  Hill, — ^Chrysolite;  anthophyllite;  bronzite;  foliated  talc; 
prochlorite;  asbestus. 

Hall  mine, — Muscovite  (!) ;  biotite;  granular  quartz;  orthoclase;  gar- 
net; albite. 

Rocky  Face. — ^Garnet ;  muscovite ;  biotite. 

Jarrett'*.— Steatite;  chalcedony;  fibrous  talc. 

Potato  Knob  mine. — Mucovite;  biotite. 

WesVs  Mills, — Psilomelaue. 

Mlijay  Creek, — Near  Higdou's:  corundum  ;  clilorite;  asbestus;  chro- 
mite; magnetite;  hematite;  garnet;  chrysolite.  At  Goshen,  calcite, 
granular;  coccolite;  graphite;  spessartite. 

Highlands, — Gold ;  rose  quartz. 

Oatoogajay  Creek, — Magnetite,  at  Sloan's. 

Elsewliere. — Graphite;  garnet;  chalcopyrite;  magnetite;  hornblende, 
23  miles  below  Franklin;  beryl;  rose  quartz;  magnetite;  muscovite 
and  biotite  in  numerous  mica  mines;  gold  aud  galenite  in  Cowee 
Mountains. 
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MABISOH. 

Bear  Creek. — ^Magnetite  (!),  2  miles  from  moath ;  green  cocoolite,  in 
granular  calcite;  chlorite;  epidote;  cyanite;  stanrolite;  talc;  garnet, 
(large  crystals);  1  mile  from  month,  tremolite;  hornblende;  1|  miles 
from  month,  chrysolite ;  magnetite. 

Mar»  HUL — Monazite;  zircon. 

Big  LaureL — Magnetite  (!);  menaccanite  (!);  milky  qnartz;  pyrite; 
calcite,  grannlar,  and  massive. 

Carter^B  mine, — Comndam  (!!)  in  peculiar  white  and  pink  varieties; 
spinel (!);  chromite;  hornstone;  dmsy qnartz;  tremolite;  chrysolite (!); 
andesite(!);  prochlorite  (!) ;  calsageeite;  menaccanite;  beryl  (!). 

French  Broad  River. — Orthoclase;  calcite,  with  coccolite;  limonite,in 
a  heavy  bed,  near  State  line. 

Duel  or  Jewell  HiU. — Meteoric  iron  (!);  ferrons  chloride  in  meteorite; 
hematite. 

NearMarshaU. — Calcite;  pyrite;  rntile;  limonite;  magnetite (!);  gale- 
nite;  bornite;  cbaIcop3'rite;  epidote;  talc;  flnorite;  hematite,  near 
Gndger's,  9  miles  below  Marshall ;  cornndnm  (!),  3  miles  below  Marshall; 
diaspore  (?);  prochlorite  (!);  margarite;  barite,  at  Chandler's,  9  miles 
below  Marshall;  4  miles  west  of  Marshall,  smoky  qnartz,  in  doubly 
terminated  crystals;  1  mile  below  Marshall,  agate;  hornbleude;  3 
miles  below,  angitc  (f);  0  miles  below,  penninite;  orthoclase;  8  miles 
below,  epidote;  orthoclase;  9^  miles  below,  i>enninite;  orthoclase;  4 
miles  up  Ivy  Creek,  hornblende. 

Walnut  Creek,  near  French  Broad  River. — Green  coccolite,  in  calcite; 
phlogopite. 

Hot  Springs. — Cryptocrystalline  muscovite  (!);  calcite;  red  jasper; 
pyrite;  psilomelane;  gold,  in  veius  and  placers;  garnet. 

Shut  In  Creel:. — Calcite ;  jasper. 

Spring  Creek. — Magnetite,  in  large  bed,  massive. 

Ivy  River  y  two  miles  from  mouth. — Smith  mine:  magnetite;  pyroxene. 
At  Badford's,  hematite  and  magnetite. 

Brush  Creek. — Magnetite,  at  Freeman's  and  Sikes's;  coccolite  in  cal- 
cite; barite. 

Paint  Creek. — Pyrrhotite, 

Hayniemine. — Blue  corundum  ;  rntile;  margarite;  green  crystals  of 
hornblende;  magnetite;  chlorite;  menaccanite. 

MARTIN. 

Oalcite,  in  marl  beds. 

M'DOWBIiL. 

Cave  of  Tanta^u^.— Stalactitic  calcite. 
Humpback  Cave. — Stalactitic  calcite. 

Cedar  Cove,  at  Dodsonh  mine. — Sphalerite ;  calcite,  granular  and  com- 
pMt 
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Kirksey^s  mine, — Tetradymite. 

Linville  Mountains. — Itacolamite;  radiated  pyropbyllite;  liinonite,  in 
many  places;  hematite;  calcite^  granular  and  compact,  several  places; 
meteoric  iron. 

Peter*8  Cove, — Stalactitic  oalcite;  magnetite;  limonite. 

Turkey  Cove. — Oalcite,  granular  and  compact. 

Turkey  Creek. — Bee  Rock:  epidote  (!);  tourmaline. 

In  the  gold  placers, — Gold;  corundum;  menaccanite;  rutile;  chromite; 
brookite;  pyrope;  zircon  (I);  epidote;  fibrolite;  xenotime  (!);  mona- 
site  (I);  diamond;  anatase. 

Marion. — ^Witbin  a  few  miles,  limonite;  manganese  garnet;  psilo- 
melane;  oalcite. 

Raccoon  Cave. — Stalactitic  aragonite. 

Round  Knob. — Oyanite:  garnet;  paragonite. 

Graveyard  Mountain. — Hematite;  limonite;  calcite. 

Head  of  Tom^s  Creek. — Magnetite;  muscovite;  kaolinite. 

Elsewhere, — Limonite;  calcite;  samarskite;  dolomite,  one-lialf  mile 
east  of  Yancey's  mine. 

MEOKLENBURa. 

BeattitPs  Ford,, — Butile  (I)  in  acicnlar  crystals. 

Capp^s  ^i/^.— Magnetite;  gold;  pyrite;  chalcopyrite. 

Charlotte. — Orthoclase  var.  leopardite  (!) ;  at  the  Rudisill  mine,  gold- 
bearing  pyrite ;  chalcopyrite ;  white  siderite ;  2  miles  from  Charlotte, 
pyrite;  chalcopyrite;  magnetite,  fine  granular;  at  new  cemetery,  epi- 
dote. 

Davidson  College. — Radiated  cyanite;  pyrophyllite ;  gold;  agate,  5 
miles  sooth  at  D.  Caldwell's;  hematite  at  Oibson's,  5  mile.s  from 
Davidson  College ;  7  miles  south,  fine  crystals  of  rutile ;  12  miles  south- 
west, granular  hematite, 

Hopewell  mtn^. -^Chalcopyrite;  chrysocolla;  pyrite;  gold. 

McGinn  mine. — Oold ;  pynte ;  chalcopyrite ;  barnhardtitc ;  cuprite  in 
aoiealar  crystals ;  melaconite;  pseudomalachite  (I). 

Old  Harris  mine. — Hematite ;  menaccanite. 

Providence. — ^Twelve  miles  south  of  Charlotte,  chalcopyrite ;  gold  • 
pyrite;  magnetite. 

TodiPs  Branch. — Gold ;  diamond  (!) ;  zircon  (!);  garnet;  monazite(!). 

Tuckasegee  Ford. — Epidote ;  labradorite  near  Tuckasegee  Ford. 

Stephen  Wilson's  mine. — Gold ;  pyrite ;  chalcopyrite ;  siderite. 

Gibson  fiifn6.^GoId ;  also  at  Jordan  mine,  Brown  mine,  Carson  mine, 
Icyhonr  mine,  Burnett  mine,  Neal  mine,  Brawley's  mine. 

Roswell  mine. — Gold;  pyrite;  also  at  Steame's  mine,  Roger's  mine, 
Btinson  mine,  Crosby  mine,  Johnson  mine.  Juggernaut  mine,  Frazer 
mine,  Taylor  mine,  Maxwell  mine,  Nolen  mine,  Crump  mine,  Bane 
mine,  McCorcle  mine.  Hunter  mine,  Henderson  mine,  Alexander  inl\L<&^ 
J.  Alexander's  mine,  Caldwell  mine,  Davidson  au(Si^\^\L^  tcA\x^% 
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Sugar  Creek. — Magnetite. 

Faire^s  mine. — Gold ;  pyritechalcopyrite. 

Frederick  mine. — Gold;  pyrite;  chalcopyrite ;  chrysocolla;  malachite. 

Maxwell  mine, — Gold;  pyrite;  chalcopyrite ;  also  at  Clark's  mine,  Ray 
mine,  Hipp  mine,  Trotter  mine,  Harris  mine,  Henderson  mine,  Kern 
mine,  Gathey  mine,  G.  C.  Gathey's  mine,  Sloan  mine,  McLean  mine, 
Charlotte  mine,  and  Queen  mine. 

Steele  Greek, — Pyrolusite. 

Elsewhere. — Grold,  in  placers  and  veins;  copper  in  qaartz  crystals; 
sulphur;  magnetite,  near  Steele  Creek  Church;  foliated  hematite  at 
-Sol.  Beid's;  tourmaliue. 

MITOHELL. 

Bailey  mine. — Orthoclase;  hyalite. 

Toe  River  Ford. — Actinolite,  large  crystals  in  talc;  muscovite. 

Bakersville, — Muscovite;  chalcopyrite;  pyrite;  2 J  miles  south,  pyro- 
phyllite;  chromite(!);  saponite;  quartz  crystals;  chalcedony  (!);  ensta- 
tite(!);  tremolite;  actiuolite;  chrysolite (!);  talc;  rutile,  penetrating 
corundum;  serpentine;  deweylite:  penninite(!);  magnesite;  1^  miles 
southeast,  asbestus;  talc;  limonite;  corundum;  2  miles  southeast,  lim- 
onite;  psilomelane;  3^  miles  north,  apatite;  at  Hawk  mine,  oligo- 
clase(!);  on  Yellow  Mountains,  cyanite(I). 

Blalocl^s. — Garnet;  muscovite(!);  orthoclase (!);  kaolinite;  columbite. 

Buchanan  mine?. ^Guramite;  yttrogummite(?);  asbestus;  beryl; 
allanite(!);  muscovite(!);  albite(!);  phosphuranylite(!);  cyanite;  graph- 
ite; manganese  garnet;  black  {garnet;  magnetite;  limonite;  apatite; 
orthoclase. 

Cane  Creek. — ^Menaccanite(!);  actinolite;  talc;  asbestus;  near  bead, 
graphite;  rutile;  garnet;  samarskite. 

Crab  Orchard, — Menaccanite(!). 

Autreyi*s. — On  Brush  Creek:  quartz  crystals,  smoky;  black  garnet; 
kaolinite. 

Cranberry. — Magnetite  (I);  pyroxene;  epidote;  picrolite;  1  mile  west, 
hematite;  orthoclase. 

Plum  Tree  Creefc.— Corundum  crystals;  hyalite. 

lioan  Mountain. — Horublende. 

Near  White  Plains. — Gummite  with  uraninite  in  a  mica  mine. 

Deake  min^. — Quartz,  flattened  out  between  muscovite;  mn8covite(I}; 
columbite  (!);  gummite;  albite;  gahnite;  monazite. 

Flat  Rock. — ^Meuaccanite  (!);  uraninite  (!) ;  gummite  (!);  zircon;  gar- 
net; epidote;  zoisite,  var.  thulite  (!);  muscovite  (!);  pink  muscovite  (I); 
albite  (I);  orthoclase  (!);  urauotil  (!);  phosphuranylite  (!);  autunite(l). 

Grassy  Creek. — Samarskite;  meuaccanite;  kaolinite;  beryl,  large 
muscovite;  autunite;  hyalite;  columbite. 

Point  Pizzle. — Albite  (1);  apatite  (!);  pyrophyllite ;  actiuolite;  beryl; 
garnet}  manganese  garnet*,  in\x&co\\\M. 
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Old  Fields  of  Toe» — Miller's  Gap:  epidote;  talc;  chlorite. 

Undka  MountaiiM, — Magnetite  (!);  zircon  (!);  epidote;  hematite. 

Wiseman  mine. — Mu8C0vite(!);  kaolinite;  hatchettolite(!);  colura- 
bite(!);  samarskite (I) ;  altered  samarskite;  rogersite;  epidote;  garnet. 

OillcHpieOap. — Psilomelane;  mouazite;  epidote;  chalcopyrite;  one- 
half  mile  west,  prochlorite;  psilomelane. 

Bumsville. — Six,  13,  and  14  miles  north,  labradorite  in  trap ;  14J  miles 
north,  prochlorite ;  calsageeite  (f ) ;  asbestns;  actinolite;  tremolite. 

Pumpkin  Patch  Mountain.^MsLguetite;  labradorite;  garnets. 

Burlxs(yn?s. — Asbestas;  actinolite;  talc. 

Lick  Ridge  mine. — Muscovite;  albite;  garnet,  red  and  black ;  biotite; 
pyrite;  chalcopyrite;  hyalite. 

Cox  mine. — Smoky  qaartz;  manganese  garnet;  albite;  antnnite; 
muscovite;  biotite;  apatite;  labradorite;  pyrite;  orthoclase  (f ). 

Uagle  Mine. — Kyauite;  muscovite;  orthoclase;  albite. 

Oibbs's  Mine. — Muscovite. 

North  Toe  River. — Orthoclase;  muscovite;  chrysolite;  talc;  chryso- 
tile ;  asbestus ;  prochlorite ;  wad ;  garnet ;  serpentine ;  2^  miles  north- 
east, kaolin ;  chalcedony. 

Young^s.-^n  South  Toe  River ;  serpentine ;  garnet ;  talc ;  chrysolite; 
prochlorite;  tremolite;  pyrite. 

Elsewhere. — Oalenite  (!);  rutile;  garnet;  epidote;  fergnsonite;  actin- 
olite (S.  Blalock's) ;  rock  crystal ;  muscovite ;  kaolinite  in  numerous 
mica  mines ;  corundum,  1  mile  from  Stewart's. 

MONTGOMEBT. 

Cheeks  Creek. — ^Fossil  wood. 

Cottonstone  Mountain. — Pyrophyllite  (!  I) 

Crump  Mine. — Gold  (!)  in  placers. 

Christian  mine. — Same  as  Swift  Island. 

Steele  mine. — Gold  (!I);  galenite;  sphalerite;  chalcopyrite;  albite; 
prochlorite;  calcite. 

Burnett  Mountain. — Gold  in  placers. 

8v>ift  Island  mine. — Gold  (! !)  in  fine  crystals. 

Beaver  Bam  mine. — Gold  in  placers. 

Elsewhere. — Gold  in  viens  and  placers;  argentite  in  slates;  magnetite; 
5  miles  above  mouth  of  Uwharie  liiver,  hematite;  ferruginous  quartz. 

MOOBE. 

Carthage. — Twelve  miles  east:  hematite. 

Cheek  mine. — Chalcopyrite;  malachite;  azurite;  galenite;  red  jasper; 
epidote;  talc;  calcite;  argentite;  pyroxene;  limonite. 
Jonesboro, — ^Two  miles  south,  on  Cane  Greek;  malachite. 
Swanh  Station. — Kaolin. 
/San/ord.— Pyrite ;  gold. 
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Johnsan^s  mills. — TonrmallDe ;  acicalar  horneblende  iu  quantity. 

Soapstane  Quarry, — Slaty  pyrophyllite  (!);  pseudomalaebite. 

Upper  Little  River. — Cyauite. 

Welches. — ChrysocoUa;  chlorite. 

Elsewhere. — Gold  in  veins  and  placers;  pyrite;  fossil  wood  ;  at  £. 
Kelly's,  limonite;  magnetite;  enstatite;.  wad;  at  P.  Martin's,  agate; 
at  J.  Dunlap's,  quartz  crystals;  at  Johnson's  mill. 

NASH. 

JJattZ^ftoro'.— Kjaolin. 

Tom  Arringion  mine. — Gold  in  placers. 

Mann  mine. — Gold  in  placers ;  psilomelane. 

Elsewhere. — Gold  in  placers ;  meteoric  stone,  near  Gastalia ;  croco- 
ite(!);  hematite;  limouite;  calcite,  in  placers;  in  Stony  Creek  town- 
ship, chalcedony. 

NEW  HANOVER. 

Oalcite(!),  granular  and  crystalline;  lignite;  glauconite;  limonite; 
phosphatic  nodules  (!)  in  limestone  at  Castle  Hayne. 

NORTHAMPTON. 

Galcite,  in  marl  beds. 

ONSLOW. 

Galcite  and  phosphatic  nodules  (!)  in  marL 

ORANGE. 

Aaron^s  Creek. — Jaspery  qnartz ;  radiated  pyrophyllite  (I). 

Chapel  Hill. — Hematite  (!) ;  liinonite;  epiilole;  near  Chapel  Hill, 
chalcopyrite ;  pyrite;  magnetite;  serpentine;  hematite,  pseudomor- 
phous  after  pyrite;  4  miles  west,  limonite  after  pyrite;  7  miles  west; 
pyrophyllite. 

Hillsboro. — Pyrite  in  cubes ;  wad ;  limonite ;  hematite ; pyrophyllite  (!); 
chlorite  in  fine  scales;  epidote;  barite(I),  atLattamine;  hriuinite(!); 
hematite,  G  miles  south  ;  pyrite;  chalcopyrite;  5  miles  southeast,  mag- 
netite. 

Eno  River. — Serpentine ;  steatite. 

University  Junction. — Hornblende;  hematite. 

Elsewhere. — Halite  in  brine ;  micaceous  liematite  at  Plat  River  and 
EUeby  Creek ;  epidote ;  hematite,  pseudomorphous  after  pyrite ;  ser- 
pentine; moss  agate,  slaty  pyrophyllite. 

PAMLICO. 

Galcite,  in  marl  beds. 

PASQCOTl^iaL— (,^owaV 
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PBNBEB. 

Calcite;  glaacooite;  liinonite^  phosphatic  beds;  at  Bocky  Point, 
phosphatic  nodnles  in  limestone. 

PERQUIMANS — (None). 

PERSON.  ^ 

Mount  Tirzah. — Hematite,  micaceoas ;  menaccanite. 

Bamett  MauntaiUi — White  oyanitei  (!). 

DiUahay^s  mine. — Gold ;  radiated  quartz. 

OiUis  mine. — Ghalcocite;  pyrite;  covellite;  micaceoas  hematite; 
ohrysocolla ;  cuprite ;  malachite ;  calcite ;  garnet ;  quartz ;  epidote. 

Leasburg. — ^Tourmaline ;  3  miles  north,  albite  (t). 

Hioo. — ^Felsite;  graphite. 

Boxbaro. — ^Epidote  in  granite. 

Mill  Creek, — Ghalcocite ;  chrysocoUa. 

Harris*8  mine. — Copper  in  epidote. 

Woodsdale, — Gold  in  vein ;  pyrite. 

Elsewhere. — Graphite,  on  Oane  Greek;  limonite;  steatite;  talc;  hem- 
atite ;  magnetite ;  ou  W.  A.  Gillis's  farm,  chrysolite. 

PITT. 

Oalcite;  glauconite;  siderite;  limonite,  in  beds  near  Tranter's  Greek; 
succinite. 

POLK. 

Sandy  Plains. — At  Davis's  mine :  gold;  limonite ;  pjrrite.  At  Morris's 
mine:  gold;  monazite;  pyrite;  epidote;  asbestus;  tourmaline.  At 
Prince  mine :  monazite ;  rutile ;  zircon. 

Morrill  MilWs  gold  mine. — Euclase  (!). 

Hungary  River. — Gold,  in  placers. 

Pacolet  River. — Gold,  in  placers. 

Tryon  Station. — Garnet;  tourmaline. 
.  Tryon  Mountain. — Asbestus. 

Elatichere. — Gold  in  placers;  monazite;  xenotime;  rutile;  epidote; 
quartz  crystals ;  manganese  garnet ;  tnrgite. 

RANDOLPH. 

JSear  Ashhoro. — Pyrophyllite. 

Franklinsville. — Five  to  7  miles  west- northwest,  leucopyrite. 
Pilot  Klob. — Pyrophyllite  (I);  gold,  in  placers;    acicular  rutile  in 
quartz. 
Hoover  Hill  mine. — Gold ;  galenite ;  calcite. 
Kinley  mine. — Gold ;  pyrite. 
Jones  mine, — Gold ;  pyrite ;  limonite. 
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PamA  fiif ii«.-r-Gold ;  talc;  tremolite;  actinolite. 
Elsewhere. — Gold  in  veiDs  and  placers ;  meteoric  iron  (!) ;  n&a^etite ; 
siderite;  hematite  (micaceons). 

RICHMOND. 

Boekingham. — Eight  milee  sontheast :  kaolin. 
Hitchcock  O^eft.— Orthoclase  (!);  oligoclase. 
Hamlet. — Kaolinite. 

Elsewhere. — Pyrophyllite,  in  quartz  schists;  chlorite;  on  Tadkin 
Biver,  7  miles  above  month  of  Little  Biver,  calcite  and  shell  limestone. 

ROBBSON. 

Oaldte,  in  marl  beds;  near  Maxton,  kaolin. 

ROCKINaHAM. 

MadUan* — Ghalcopyrite  at  W.  Lindsay's;  manganese  garnet. 

Leaksville, — Semi-bitnminous  coal. 

Meadows. — Bog  iron  ore. 

Smithes  River. — ^T  wo  miles  east  of  Morehead's  factory:  hematite;  gold; 
asbestns. 

Troublesome  Creek. — Magnetite;  hematite;  limonite. 

SmitVs  Mountain. — Meteoric  iron  (! !)  with  schreibersite  and  ferrous 
chloride.    A  Iso  on  Deep  Spring  farm. 

Beidsville. — Muscovite;  near  Beidsville,  halloysite;  6  miles  north, 
magnetite. 

Wentworth. — Asbestns;  near  Wentworth,  tourmaline;  one-half  mile 
south,  pyroxene  and  tourmaline. 

Elsewhere. — Halite  in  brine ;  titaniferous  magnetite (!);  garnet;  cya- 
nite;  on  Dan  Biver,  4  miles  above  Town  Fork,  hornblende. 

ROWAN. 

Gold  Hill. — Gold(!);  bismuthiiiite;  pyrite;  chalcopyrite;  arsenopy- 
rite  (!)  at  Honeycutt's ;  magnetite. 

Salisbury. — Orthoclase  (!) ;  7  miles  south,  Gold  Hill  road,  pyrite ;  chal- 
copyrite; chrysocolla;  talc. 

Yadkin  mine. — Gold ;  pyrite. 

Dunn  Mountain  mine. — Gold  ;  pyrite ;  chlorite. 

Snider  mine, — Gold  ;  pyrite. 

Orupy  mine. — Chalcopyrite ;  pyrite ;  chrysocolla. 

Cope  mine. — Gold ;  also  at  Haynes  mine,  Cady  mine,  Bringle  mine, 
Trexler  mine,  Yadkin  mine.  Bane  mine,  Boseman  mine,  Barnhardt  mine, 
Holtshauser  mine,  in  veins  and  placers. 

Rhymer  mine. — Gold ;  pyrite ;  hematite. 

Elsewliere. — Orthoclase,  in  large  and  twin  crystals;  gold;  pyrite. 
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BUTHEBFOBD. 

Brindletown  Creek. — Diamond  (!). 

Jeanstmvn, — Platinam  ;  palladium  (t) ;  at  Weaver's,  garnet ;  epidote ; 
tourmaline ;  gold ;  manganese  garnet. 

Laurel  Springs, — Garnets. 

Butherfordton, — Quartz,  psendomorphous  after  calcite  (I). 

Shemvcell  mine, — Arborescent  gold  (!). 

Second  Broad  River, — Head  of  it,  gold  in  veins  and  placers;  pyrite. 

Twitty^s  mine, — Diamond  (!). 

At  the  gold  placers  generally. — Gold ;  corandnm  in  grains  and  crystals ; 
menaccanite;  rutile;  chromite;  hrookite;  rock  crystal;  garnet;  zir 
con  (!) ;  epidote ;  samarskite ;  fergnsonite ;  xenotime  (!) ;  roonazite ; 
wolframite  (t). 

Elsewhere, — ^Amethyst;  melanterite;  alunogen;  fergnsonite;  ana- 
tase;  corundum;  fibrolite;  tourmaline;  gold;   pyrite;  meteoric  iron. 

SAMPSON. 

Calcite  in  marl  beds ;  lignite. 

STANLEY. 

Heamemine. — Gold;  pyrite;  chalcopjrrite;  calcite;  chlorite;  serpen- 
tine. 

Crawell  mine. — Gold. 

EUewhere* — Gold  in  veins  and  placers. 

% 

STOKES. 

BoU^acVs  quarry. — Calcite  (!) ;  phlogopite ;  actinolite. 

Coffee  Gap, — ^Lazulite  (!)  with  muscovite  in  quartz. 

Danbury. — Magnetite  (!) ;  pyrolusite;  cyanite ;  actinolite ;  at  Roger's 
ore  bank^  titanite;  sulphur  (!)  in  a  limonite  quartz  geode;  asbestus; 
hornblende ;  pyrite  in  muscovite ;  7  miles  east  of  Danbury,  hornblende. 

Dan  River, — Opalescent  quartz;  anthracite  and  bituminous  coal; 
prochlorite;  hematite;  magnetite. 

Oermant(m,^¥om\\  wood(!) ;  2  miles  east,  serpentine;  calcite;  garnet. 

Moor^s  Mill, — Manganese  garnet. 

Peter's  Creek, — Sulphur  (!). 

Sauratown  Mountain, — Itacolumite  (I) ;  asbestus. 

Bnow  Creek, — Hematite,  at  Martin's  quarry ;  chalcedony  ;  liornstone ; 
phlogopite;  granular  calcite ;  agate;  amethyst;  hyalite;  jasjier;  hem- 
atite; albite;  6  miles  east,  pyrolusite. 
-  Stokeshurg, — Ilock  crystal ;  anthracite  and  bituminous  coal. 

Elsewhere, — Copper;  graphite;  chalcopyrite ;  muscovite  in  pyrite; 
gold  in  pyrite;  siderite;  tourmaline;  talc;  muscovite  (large  plates); 
epidote;  limonite;  calcite,  granular,  on  Little  Yadkiu  aw^\^^\i^^^«t^< 


112  THE   MINERALS   OF   NORTH   CAROLINA.  [iii7u.7i 

,  8UB&T. 

Dobson, — ^Ten  wiles  north,  mangaDese  garnet;  pyrolosite;  talc  in 
green  crystals;  serpentine:  steatite;  aotinolite;  breannerite;  magne- 
site;  magnetite;  chlorite;  hau8manQite(t);  wad;  near Dobson,  magne- 
tite in  prochlorite. 

Ararat  River. — Foar  miles  sootheast  of  Moant  Airy,  pyrite  (!); 
magnetite  (!) ;  garnet;  white  cyanite  (!). 

Chestnut  if (Hentam.— Octahedral  magnetite  (I). 

Fisher's  Peak. — Octahedral  magnetite. 

Pilot  Mountain. — Talc  (I). 

Tom^s  Creek, — Magnetite. 

Rockford, — Steatite. 

War  Rill. — Milky  qaartz. 

Williams's  mine. — Magnetite. 

Jr/A;t».— Barite ;  galenite;  pyrite;  chalcopyrite ;  2  miles  east,  chal- 
copjrite;  10  miles  north,  limonite;  hematite;  5  miles  northeast,  pyrite; 
chalcopyrite;  chrysocoUa. 

Elsewhere. — Graphite;  tourmaline;  garnets;  magnetite;  limonite; 
chalcopyrite;  salphar;  galenite;  pyrrhotite;  pyrite;  psilomelane; 
asbestus. 

SWAJN. 

Bryson  City. — Entile ;  zoisite ;  limonite  after  pyrite. 
Oconaluftee  River. — Gold;    galenite,  argentifierons;  pyrite;   chalco- 
pyrite. 
A.  Nichols^. — Pyrolnsite;  chalcocite;  toormaline. 
Quallatown. — Gold,  in  placers. 
Elsewhere. — Itacolamite;  magnetite;  hematite;  limonite;  talc 

TRANSYLVANIA. 

Boyston  River. — Gold,  in  placers;  granular  oalcite;  limonite. 
Davidson  River. — (^halcopyrite ;  pyrite;  flinty  quartz. 
MillfPs  River. — Oalcite. 

Brevard. — Chlorite;  graphite;  limonite  after  pyrite ;  kaolin. 
Elsewhere. — Pyrite;  chalcopj'rite ;  rose  quartz;  pyrrhotite;  tourma- 
line ;  graphite ;  near  mouth  of  Looking-glass  Creek,  kaolin. 

TTRRBLL — (l^OnO.) 
UNION. 

Lemm<indmine.—0(o\A(\))  electrum(!);  galenite;  sphalerite;  pyrite; 
arsenopyrite ;  pyromorphite. 
Ijong  mine. — Gold ;  galenite. 

Moore's  mine. — Gold;  sphalerite;  pyrite;  chalcopyrite;  galenite. 
Pewter  mine, — Electrum. 
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Fhifer  mine. — Gold ;  silver ;  galenite ;  also  at  Lewis  mine  and  Wash- 
ton  mine. 

8ievoart  mine. — Gold(!);  electrain(I);  galenite;  sphalerite;  pyrite; 
arsenopyrite ;  pyromorphite. 

Union  mine. — Gold ;  also  at  Davis  mine^  Dnlin  mine,  Fox  Hill  mine, 
Crump  mine,  Gareton  mine. 

WalTcuj^s  mine. — Barite  (I),  granular. 

Smart  mine. — Gold;  pyrite;  chalcopyrite ;  galenite;  sphalerite. 

Eleewhere. — Gold,  in  veins  and  placers. 

YANOB. 

.  year  Bendereon. — Pyrite;  chalcopyrite;  talc;  calcite. 
KittrelPs. — Obalcedony. 

WAKE. 

FarestviUe. — Seven  miles  west,  magnetite;  menaccanite;  prochlorite. 

Barton  CV«e^.— Pyrite,  large  cubes;  hematite,  pseudomorphous  after 
pyrite;  tourmaline;  chlorite. 

Brassfields. — Oalcite;  chalcedony. 

Witherspoon^s. — Granular  calcite. 

WyatPs. — Idmonite. 

Gary. — Pyrite;  hematite;  martite;  sulphur. 

Northwest  comer  of  county. — Serpentine;  asbestus;  actlnolite;  stea- 
tite; cyanite. 

Soapstone  Church. — Talc;  asbestus;  s^pentine. 

Morrisville. — Granular  calcite. 

Raleigh. — Menaccanite  (!);  epidote;  hematite;  magnetite;  chryso- 
lite (t);  malachite  in  granite;  muscovite;  paragonite(t);  nearBaleigh, 
pyrite;  chalcopyrite;  graphite;  smoky  quartz;  garnet;  biotite;  3  miles 
west,  orthoclase;  4  miles  northwest,  amethyst;  4^  miles  west,  pyrite; 
chalcopyrite;  psilomelano;  8  miles  west,  pyrite  and  limonite  after 
pyrite. 

Elsewhere. — Graphite  (I),  at  Tucker's  Mill;  pyrite;  magnetite;  ame- 
thyst; tourmaline;  calcite;  at  mill  on  Cliffton's  Branch,  vermicular 
quarto;  in  Little  £iver  Township,  halloysite. 

WABBEN. 

Middleburg. — ^Micaceous  hematite ;  quartz  crystals. 

Warrenton. — ^Eight  miles  south,  limonite  after  pyrite ;  9  miles  south, 
asbestus. 

Bansom^B  Bridge. — Gold ;  garnet. 

Elsewhere. — Quartz  crystals;  magnetite;  epidote;  gold,  in  placers; 
garnets. 

WASHINOTON. 

Oalcite,  in  marl  beds. 
BulL74 9 
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WATAUGA^ 

Beeek  MamUam. — ^Fine-grained  galenite(!};  pyrite;  magnetite;  hema- 
tite; atPogie,  galenite. 

O00M9  Gop. — Arsenopyrite;  hematite  (!);  magnetite  (!);  itaoola- 
mite  (!);  limonite;  martite. 

Cove  Creek. — ^Magnetite ;  limonite. 

Bieh  Mountain. — Head  of  Cove  Creek ;  chromite ;  qnartx  crystals;  ac- 
tinolite;  chrysolite;  epidote;  penninite;  tremolite. 

Beaver  Dam  Creek. — ^Magnetite.* 

Elk  ITnoft.— Pyrite ;  chalcopyrite;  pyrrhotite;  epidote;  limonite; 
garnet. 

Flannery  mine. — Argentiferoos  galenite. 

Miller  mine. — Pyrite;  chalcopyrite;  limonite;  epidote;  chrysolite. 

Watauga  River. — Calcite ;  epidote ;  chlorite. 

Elk  River. — Jasper;  epidote;  chlorite;  calcite;  at  L.  Banner's,  pro- 
chlorite;  pyrite;  qnartz. 

Hardin  mifu;.— Gt>ld,  in  placers. 

Boone  Fork. — Qnartz  crystals  (fine). 

Near  Boone. — Actinolite;  cyanite. 

Elsewhere. — ^Gold  in  placers;  galenite;  flnorite;  epidote;  limonite; 
magnetite;  cyanite;  talc;  chromite;  chlorite;  menaocanite;  asbestos. 

WAYNE. 

Fossil  wood ;  lignite ;  pyrite ;  calcite,  in  marl  beds. 

WILKES. 

WUkesboro. — ^Two  miles  north,  serpentine;  talc;  garnet. 

Mulberry  River. — Magnetite. 

Blue  Ridge. — Three  miles  south,  on  road  to  Jefferson,  garnet;  ortho- 
clase;  apatite. 

Bending  Rock  Mountain. — Itacolnmite. 

Brushy  Mountains. — Asbestus. 

Roaring  River. — Magnetite. 

Elk  Creek. — Oaleuite;  cemssite. 

Flint  Knob. — Galenite  (argentiferons) ;  pyrite. 

Elkin  Creek, — Barite;  limonite;  galenite;  cemssite. 

Honey  Creek. — liatile  (!)  in  acicnlar  crystals  in  brownish  amethyst 

Stony  JTt'M.— Chalcopyrite;  mnscovite. 

Trap  Hill  mine. — ^Galenite;  pyrrhotite;  chalcopyrite  (auriferous); 
pyrite;  rutile;  garnet;  tourmaline;  magnetite. 

Beddufs  River. — Serpentine. 

Elsewhere. — Graphite;  corundum  (I),  mostly  altered  into  cyanite; 
pyrite;  cyanite  (!);  mixture  of  mnscovite,  margarite,  etc,  resulting 
from  the  alteration  of  cyanite. 
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WILSON. 

Cantentnea  Creek. — Ortboclase;  biotite. 
Stantonsburg. — Py  ri  te. 
Turkey  Creek, — Amethystine  qnartz. 
Elsewhere, — ^Gakite  in  marl  beds )  limonite. 

YADKIN. 

Near  Yadkinville. — Gold. 

Boyden^s  quarry^ — Galcite,  compact  and  granular. 
Campbell  mine. — Magnetite. 

Hobson^s  mine. — Magnetite;  tremolite;  magnetite  (!)  at  East  Bend 
and  elsewhere. 
Near  Forks  of  Yadki^i  River. — Calcite. 
Jonesville.—Fynte  in  cubes  in  slate;  chalcopyrite. 

YANCEY. 

-  Orassy  Knob  {Black  Mountmns). — Cyanite }  muscovite. 

Black  Mountain. — Graphite. 

Bald  Mountain. — Grayish  green  actiuolite ;  magnetite. 

Bumsville, — Platinum  (!) ;  labradorite  (!)  6  miles  north  of  Burnsville; 
tonrmaline  at  Parrot's  Ford,  3  miles  from  Bumsville;  tantalite(!);  4 
miles  north  of  Bumsville,  chromite  and  talc ;  1.  mile  west,  kaolin ;  3^ 
miles  west,  margarite. 

Hampton's.  Mining  Creek. — Chromite (!);  chalcedony;  enstatite;  trem- 
elite  (!);  actinolite;  asbestus;  chrysolite  (!) ;  orthoclase;  talc  (!); 
serpentine;  deweylite;  peuuinite;  magnesite;  epidote,  in  Une  green 
crystals ;  bronzite  ;  hornblende ;  prochlorite  (f ). 

Hurricane  Mountain. — Cyanite  (!);  titanite;  muscovite. 

Bald  Creek. — Chrysolite;  talc;  asbestus;  serpentine;  tremolite; 
chlorite;  pyrite;  actinolite;  epidote. 

Ivy  River. — Menaccanite. 

Ray's  mica  mine. — Fluorite  (!) ;  pseudomorphous  after  apatite ;  yttro- 
cerite(?);  beryl  (!);  garnet;  zircon;  rutile;  muscovite  (!),  also  a  scaly 
pink -variety ;  orthoclase;  tourmaline  (!),  black  and  yellowish  green; 
kaolinite;  columbite;  apatite;  monazite,  very  rare ;  autunite;  amazon 
stone;  cyanite;  albite;  smoky  quartz;  quartz  crystals;  actinolite; 
talc;  glassy  feldspar. 

MitchelVs  Peak. — Cyanite ;  fibrolite ;  garnet ;  biotite ;  tourmaline. 

South  Toe  River. — Uranochre  (!) ;  muscovite;  garnet;  hyalite ;  gum- 
mite;  autunite;  garnet. 

ProffiVs. — Corundum ;  muscovite ;  asbestus ;  garnet ;  penninite  (!) ; 
talc ;  near  Proffit's,  chrysotile ;  fibrous  talc. 

Young^s  mine. — Enstatite;  chlorite;  serpentine;  chrysolite;  chro- 
mite; talc;  asbestus;  tremolite;  pyrite;  manganese  garnet,  and  gar- 
net crystals ;  bronzite;  tourmaline;  mu^ov\to« 
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Westall  mine. — Gyauite. 

Presnell  ( Yourufs)  mine. — Muscovite ;  albite ;  apatite ;  aatnnite. 

OihUsmine. — Masco  vite;  albite;  garnet;  glassy  feldspar. 

Ouggenheim^s  mine. — Mascovite ;  albite ;  mauganese  garnet ;  apatite ; 
hyalite ;  toarmaline ;  autnnite. 

Bocky  Creek. — Muscovite ;  pyrite ;  graphite. 

Elsewhere. — Graphite ;  allanite ;  cyanite ;  colambite ;  magnetite ;  on 
Grabtree  Greek,  massive  reddish  garnet ;  ratile ;  mascovite ;  in  many 
mica  mines,  pyrite. 
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The  publioatioos  of  the  United  Stotes  Oeolo|^oal  Surrey  are  loeoed  in  MOordAiiee  with  the  stfttnte 
ftpprored  If  aroh  8, 1879,  which  declares  that— 

"  The  pnblicatlous  of  the  Geological  Survey  iihall  consist  of  the  annual  reportof  operations,  geological 
and  econoniio  maps  Ulnstratiois  the  resources  uid  classification  of  the  lands,  and  reports  upon  general 
and  ecouomic  geology  and  paleontology.  The  annual  report  of  operations  of  the  Geological  Sarrey 
shall  accompany  the  anuaid  report  of  the  Secretary  of  the  Interior.  All  special  memoirs  and  reports 
of  said  Snrvoy  shall  be  issned  in  nniform  qnarto  series  if  deemed  necessary  by  the  Director,  but  other- 
wise in  ordinary  octaros.  Three  thousand  copies  of  each  shall  be  published  for  scientific  exchanges 
and  for  sale  at  theprioe  of  publication;  and  all  literary  and  cartographic  materials  received  in  excliarge 
ahall  be  the  property  of  the  United  States  and  form  a  part  of  the  library  of  the  organisation ;  and  the 
money  resulting  from  the  sale  of  such  publications  shall  be  covered  into  the  Treasury  of  the  United 
SUtes." 

On  Jnly  7, 1882,  the  following  Joint  resolution,  referring  to  all  Government  publications,  was  passed 
by  Congresa: 

"  That  whenever  any  documentor  report  shall  be  ordered  printed  by  Congress,  there  shall  be  printed, 
in  addition  to  the  number  in  each  cane  stated,  the  'usual  number'  (1,900)  of  copies  for  binding  and 
distribution  among  those  entitled  to  receive  them." 

Except  in  those  cases  in  which  an  extra  number  of  any  publication  has  been  supplied  to  the  Survey 
by  special  resolution  of  Congiess  or  has  been  ordered  by  the  Secretary  of  the  Interior,  this  office  has 
no  copies  for  gratuitous  distribution. 

ANNUAL  BBPORT& 

I.  First  Annual  EejMrt  of  the  United  States  Geological  Survey,  by  Clarence  King.  1880.  8o.  79  pp. 
1  map — A  preliminary  report  describing  plan  of  organization  and  publications. 

II.  Second  Annual  Report  of  the  United  States  Geological  Survey,  1880-*81,  by  J.  W.  Powell.  1882. 
8*^.    Iv,  588  pp.    62  pi.    1  map. 

m.  Third  Annual  Report  of  the  United  States  Geological  Survey,  1881-*82,  by  J.  W.  Powell.  1883. 
9P.    xvili,  S64  pp.    67  pi.  and  maps. 

IV.  Fourth  Annual  Report  of  the  United  States  Geological  Survey,  1882-'83,  by  J.  W,  PowelL  1884. 
8*^.    xxxii.  473  pp.    85  pL  and  maps. 

y.  Fifth  Annual  Report  of  the  United  SUtes  Geological  Survey,  l883-'84,  by  J.W.Powell.  188S. 
$P.    xrxvi,  469  pp.    68  pL  and  maps. 

TL  Sixth  Annual  Report  of  the  United  States  Geological  Survey,  1884-'86,  by  J.  W.  Powell.  1885. 
8^.    xxix,  570  pp.    65  pi.  and  msps. 

YII.  Seventh  Annnal  Report  of  the  United  Statea  Geological  Survey,  188fr-'86,  by  J.  W.  Powell.  1888. 
9*.    XX,  656  pp.    71  pi.  and  maps. 

YITL  Eighth  Annual  Report  of  the  United  States  Geological  Survey,  188(^'87,  by  J.  W.  Powell.  1888. 
9P.    2v.    xix,  474,  xii  pp.    53  pL  and  maps ;  1  p.  1.  475-1063  pp.    54-76  pi.  and  maps. 

IX.  Ninth  Annual  Report  of  the  United  SUtes  Geological  Survey,  1887- '88,  by  J.  W.  PowelL  1889. 
9P.    xiii,  717  pp.    88  pi.  and  maps. 

Z.  I'enth  Annual  Report  of  the  United  SUtes  Geological  Survey,  1888-*80,  by  J.  W.  PowelL  1890. 
8^.    2v.    XV,  774  pp.    98  pL  and  maps ;  viii,  128  pp.       ,  '  , 

The  Eleventh  Annual  Report  is  in  press. 

MOKOGRAPHS. 

L  Lake  Bonnevm^  by  Grove  Sjirl  Gilbert    1890.    4o.    zx,488pp.    61  pL    Inap.    Price  $1.60. 

II.  Tertiary  History  of  the  Grand  Cafion  District,  with  atlas,  by  Chirenoe  B.  Dutton.  Capt  U.  S.  A. 
1882.    40.    xiv,  264  pp.    42  pL  and  atlas  of24sheeU  folio.    Price  $10.00. 

UL  Geology  of  the  Comstook  Lode  and  the  Washoe  District,  with  atlas  by  George  F.  Becker.  1881 
49,    zv.  422  pp.    7  pL  and  atlas  of  21  sheets  folio.    Price  $11.00. 

IT.  Comstock  Mining  and  Miners,  by  BUot  Lord.    1883.    iP.   xW,4&\v^.   %^\.  ^^\s;^\V^J^ 


n  ADVERTISEMENT. 

v.  The  Copper-Bearini;  Kocks  of  Lake  Superior,  by  Boland  Dner  Irvlni;.  1883.  i^.  xrl,  4M  pp. 
16  L    29  pi.  and  maps.    Price  $1.85. 

VI.  ContribatiooB  to  the  Knowledice  of  tbe  Older  Mesozoic  Flora  of  Virginia,  by  William  Morrii 
Fontaine.    1883.    49,    xi,  144  pp.    ML    64  pi.    Prioe $1.05. 

YIL  SUrer.Lead  Deposits  of  Bnreka,  Nevada,  by  Joseph  Story  Curtis.  1884.  4o.  ziii,  200  pp.  It 
pL    Price  $1.20. 

Yin.  FaleontolofEyof  the  Bnreka  District,  by  Charles  Doolittie  Waloott  1884.  4o.  ziii,  298  pp. 
24  L    24  pi.    Price  $1.10. 

IX.  Brachiopodaand  Lamellibraaohiata  of  the  Baritan  Clays  and  Oreensand  Marls  of  New  JetMy, 
by  Robert  P.  Whitfield.    1886.    4°.    zz,  338  pp.    35  pL    1  map.    Prioe  $1.15. 

X.  Dinooeraia.  A  Monograph  of  an  Extinct  Order  of  Oigantic  Mammals,  by  Othniel  Charies  Manh. 
1886.    40.    xviii,  243  pp.    SOL    66  pL    Prioe $2.70. 

XI.  Geological  History  of  Lake  Lahontan,  a  Qaatemary  Lake  of  Northwestern  Nevada,  by  Isrsd 
CookBosselL    1885.    40.   xiT,288pp.    46  pL  and  maps.    Prioe  $1.76. 

XIL  Geology  and  Mining  Industry  of  Leadville,  Colorado,  with  atlas,  by  Samnel  Franklin  Bmmons. 
1886.    40.    zziz,  770  pp.    45  pi.  and  atlas  of  35  sheets  folio.    Price  $8.40. 

Xm.  Geology  of  the  QaioksiWer  Deposits*of  the  Pacific  Slope,  with  atlas,  by  George  F.  Becker. 
188a    40.    zix,  486  pp.    7  pL  and  atlas  of  U  sheets  folio.    Prioe  $2.00. 

XIV.  Fossil  Fishes  and  Fossil  Plants  of  the  Triassic  Bocks  of  New  Jersey  and  the  Connecticut  Val- 
ley, by  John  S.  Newberry.     1888.    40.    xiv,  152  pp.    26  pL    Prioe  $1.00. 

XV.  The  Potomac  or  Younger  Mesosoic  Flora,  by  William  Morris  FontainSb  1880.  4^.  ziv.STT 
pp.    180  pi.    Text  and  plates  boand  separately.    Price  $2.50. 

XYI.  The  Paleozoic  Fishes  of  North  America,  by  John  Strong  Newberry.  1889.  40.  840  pp.  53  pL 
Price  $1.00. 

In  preparation : 

XVII.  The  Flora  of  the  Dakota  Group,  a  posthumous  work,  by  Leo  Lesqnereuz.  Edited  by  F.  H. 
Knowlton. 

XVIII.  Gasteropoda  and  Cephalopoda  of  the  Baritan  Clays  and  Oreensand  Marls  of  New  Jerser, 
by  Robert  P.  Whitttold. 

—  The  Penokoe  Iron-Bearing  Series  of  Northern  Wisconsin  and  Michigan,  by  Boland  D.  Irving  and 
C.  B.  Van  Hise. 

—  MoUusca  and  Cnutacea  of  the  Miocene  Formations  of  New  Jerdoy,  by  B.  P.  Whitfield. 
~  Geology  of  the  Bareka  Mining  District,  Nevada,  with  atlas,  by  Arnold  Hague. 

^-  Sauropoda,  by  O.  C.  Marsh. 

—  Stegosanria,  by  O.  C.  Marsh. 

—  Brontothoridie,  by  O.  C.  Marsh. 

—  Beport  on  the  Denver  Coal  Basin,  by  S.  F.  Emmons. 

—  Beport  on  Silver  Cliff  and  Ten-Mile  Mining  Districts,  Colorado,  by  S.  F.  Bmmono. 
~  Flora  of  the.  Dakota  Group,  by  J.  S.  Newberry. 

—  The  Gladal  Lake  Agassis,  by  Warren  Upham. 

BULLETINS. 

I.  On  Hypersthene- Andesite  and  on  Triclinio  Pyroxene  in  Angitic  Books,  by  Whitman  Cross,  with  a 
Geological  Sketch  of  BtifGalo  Peaks,  Colorado,  by  S.  F.  Emmons.    1883.    9P,  42  pp.  2  pL   Prioe  10  cents. 

S.  Gold  and  Silver  Conversion  Tables,  giving  the  coining  values  of  troy  ounces  of  fine  metal,  etc.,  omn- 
pnted  by  Albert  Williams,  Jr.    1883.    8P.    8  pp.    Price  5  cents. 

8.  On  the  Fossil  Faunas  of  the  Upper  Devonian,  along  the  meridian  oflGP  30',  Arom  Tompkins  County, 
New  York,  to  Bradford  Coanty,  Pennsylvania,  by  Henry  S.  Williams.    1884.  99.  36  pp.  Price  6  cents. 

4.  On  Mesozoic  Fossils,  by  Charles  A.  White.    1884.    9P.    36  pp.    9  pi.    Prioe  5  cents. 

5.  A  Dictionary  of  Altitudes  in  the  United  States,  compiled  by  Henry  Gannett.  1884.  89.  325  pp. 
Price  20  cents. 

6.  Elevations  in  the  Dominion  of  Canada,  by  J.  W.  Spencer.    1884.    8^.    43  pp.    Prioe  6  oents. 

7.  Mapoteca  Geologioa  Americana.  A  Catalogue  of  Geological  Maps  of  America  (North  and  Sonth), 
1752-1881,  in  geographic  and  chronologic  order,  by  Jnles  Marcou  and  John  Belknap  Maroou.  1884. 
8^.    184  pp.    Price  10  cents. 

8.  On  Secondary  Enlargements  of  Mineral  Fragments  in  Certain  Bocks,  by  B.  D.  Irving  and  C.  B. 
YanHise.    1884.    89.    56  pp.    6pL    Price  10  cents. 

9.  A  report  of  work  done  in  the  Washington  Laboratory  during  the  fiscal  year  1883-'84.  F.  W.  Qarkst 
ehief  chemist.    T.  M.  Chatard,  assistant  chemist.    1884.    8^.    40  pp.    Price  5  cents. 

10.  On  the  Cambrian  Faunas  of  North  America.  Preliminary  studies,  by  Charles  Doolittie  Waleott 
1884.    8^.    74  pp.    10  pL    Prioe  5  cents. 

II.  On  the  Quaternary  and  Becent  MoUnsca  of  the  Great  Basin ;  with  Descriptions  of  New  Forms,  by 
B.  Ellsworth  Call.  Introduced  by  a  sketch  of  the  Quaternary  Lakes  of  the  Great  Basin,  by  G.  £. 
Gilbert.    1884.  B9.  66  pp.  6  pi.  Price5cenU. 

12.  A  Crystallographic  Study  of  the  Thinolite  of  Lake  Lahontan,  by  Edward  S.  Dana.  1884.  8^. 
84  pp.  8pL  Prioe  5  cents. 
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18.  Bonn4«riefl  of  the  United  States  and  of  the  MTeral  Statee  and  Tenitories.  with  a  Hiatorical 
Sketch  of  the  Teriitorial  GhanKea,  by  Henry  Gannett    1885.    S^.    135  pp.    Prioe  10  oenta. 

14.  The  Electrical  and  Magnetic  Properties  of  the  Iron-Carburets,  by  Carl  fiams  and  Vincent 
Stroahal.    1885.    8°.    238  pp.^  Price  15  cents. 

15.  On  the  Mesozoic  and  Cenozoio  Paleontology  of  California,  by  Charles  A.  White.  1885.  8^. 
88  pp.    Price  5  cents. 

16.  On  the  Higher  Devonian  Faunas  of  Ontario  Countyi  Kew  York,  by  John  M.  Clarke.  1885w  8^. 
80  pp.    8  pi.    Price  5  cents. 

17.  On  the  Development  of  Crystallisation  in  the  Igneous  Kocks  of  Washoe,  Kevada,  with  Notes  on 
the  Geology  of  the  District,  by  Arnold  Hague  and  Joseph  P.  Iddings.  1885.  8».  44  pp.  Price  8 
cents. 

18.  On  Marine  Eocene,*  Fresh-water  Miocene,  and  other  Fossil  Mollusoa  of  Western  North  Ameriea 
by  Charles  A.  White.    1885.    8o.    28  pp.    3pL    Price  6  cents. 

19.  Notes  on  the  Strati^^raphy  of  California,  by  George  F.  Becker.    1885.    8^.    S8  pp.    Prioe  5  cents. 

20.  Contributions  to  the  Mineralogy  of  the  Rocky  Mountains,  by  Whitman  Cross  and  W.  F.  HiUe> 
brand.    1885.    8o.    114  pp.    IpL    Prioe  10  cents. 

21.  The  Lignites  of  the  Great  Sioux  Reservation.  A  Report  on  the  Region  between  the  Grand  and 
Moreau  Rivers,  Dakota,  by  Bailey  Willis.    1885.    8o.    16  pp.    5  pi.    Price  5  cents. 

22.  On  New  Cretaeeoua  Fossils  from  California,  by  Charles  A.  White.  1886.  8^.  25  pp.  8  pL 
Price  5  cents. 

28.  Observations  on  the  Junction  between  the  Bastem  Sandstone  and  the  Keweenaw  Series  on  Ke> 
weenaw  Point,  Lake  Superior,  by  R.  D.  Irring  and  T.  C.  Chamberlin.  1885.  8^.  124  pp.  17  pL 
Prioe  15  eente. 

24.  List  of  Marine  Mollnsca,  comprising  the  Quaternary  Fossils  and  recent  forms  firom  American 
Localities  between  Cape  Hattoras  and  Cape  Roque,  including  the  Bermudas,  by  William  Healey  BalL 
1885.    80.    336  pp.    Price  25  cents. 

25.  The  Present  Technical  Condition  of  the  Steel  Industry  of  the  United  States,  by  Phineaa 
1885.    fP,    85  pp.    Price  10  cents. 

28.  Copper  Smelting,  by  Henry  M.  Howe.    1885.    8^.    107  pp.    Prioe  10  centa. 

27.  Report  of  work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  fisoal  yc 
1884-'85.    1886.    8o.    80  pp.    Prioe  10  cents. 

28.  The  Gabbros  and  Associated  Hornblende  Rocks  occurring  in  the  Neighborhood  of  Baltimore^ 
Maryland,  by  George  Huntington  Williams.    1886.    8^.    78  pp.    4  pi.    Price  10  cents. 

28.  On  the  Fresh-water  Invertebrates  of  the  North  American  Jurassic,  by  Charles  A.  White.  1888. 
8^.    41  pp.    4  pi.    Price  5  cents. 

80.  Second  Coutribation  to  the  Studies  on  the  Cambrian  Faunas  of  North  America^  by  Charles  Doo* 
little  Waloott.    1886.    8o.    868  pp.    83  pi.    Prioe  25  cents. 

31.  Systematic  Review  of  our  Present  Knowledge  of  Fossil  Ibisects,  IndndlngMyrlApodsand  Azaoh- 
nids,  by  Samuel  Hubbard  Scudder.    1886.    8^.    128pp.    Price  15  cents. 

82.  Lists  and  Analyses  of  the  Mineral  Springs  of  the  United  States;  a  Preliminary  Study,  by  Albert 
G.  Peale     1886.    8o.    235  pp.    Priee  20  cents. 

33.  Notes  on  the  Geology  of  Northern  California,  by  J.  S.  Diller.    1886.    8».    23  pp.    Prioe  5  oenta. 

84.  On  the  relation  of  the  Laramie  Molluscan  Fauna  to  that  of  the  succeeding  Fresh-water  Xooene 
and  other  groups,  by  Charles  A.  White.    1886.    8^.    54  pp.   5  pL    Price  10  cents. 

85.  Physical  Properties  of  the  Iron-Carboreta,  by  Carl  Bams  and  Vincent  Stronhal.  1886.  8^.  12 
pp.    Price  10  cente. 

86.  Subsidence  of  Fine  Solid  Particles  in  Liquids,  by  Carl  Bama.    1866.    fp.    58  pp.    Prioe  10  oenti. 

87.  Types  of  the  Laramie  Flor%  by  Lester  F.  Ward.    1887.    8o.    854  pp.    57  pL    Price  25  eents. 
38.  Peridotite  of  Elliott  County,  Kentucky,  by  J.  &  Diller.    1887.    8o.    81  pp.    1  pL    Price  8  centa. 

88.  The  Upper  Beaches  and  Deltas  of  the  Glacial  Lake  Agassis,  by  Warren  Upham.  1887.  8».  84 
pp.    1  pL    Prioe  10  cents. 

40.  Changes  in  River  Courses  in  Washington  Territory  due  to  Glaciation,  by  Bailey  WilUa.  1887. 
tp,    10  pp.    4  pi.    Price  5  cents. 

41.  On  the  Fossil  Faunas  of  the  Upper  Devonian  ■  the  Genesee  Section,  New  York,  by  Henry  S. 
Williams.    1887.    9*.    121pp.    4  pi.    Price  16  cents. 

42.  Report  of  work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  flaeal  year 
1885-'88.    F.  W.Chu-ke.  chief  chemist.    1887.    8^.    152  pp.    IpL    Price  15  cents. 

43.  Tertiary  and  Cretaceous  Strata  of  the  Tuscaloosa,  Tombigbee,  and  Alabama  RiTors,  by  Bngene 
A.  Smith  and  Lawrence  C.  Johnson.    1887.    8^.    189  pp.    21  pL    Prioe  15  cents. 

44.  Bibliography  of  North  American  Geology  for  1886,  by  Nelson  H.  Darton.  1887.  8».  86  pp. 
Price  6  cent*. 

45.  The  Present  Condition  of  Knowledge  of  the  Geology  of  Texaa,  by  Robert  T.  HUL  1887.  fp.  84 
pp.    Price  10  cents. 

46.  Nature  and  Origin  of  Deposits  of  Phosphate  of  Lime,  by  R.  A.  F.  Penrose^  jr.,  with  an  Intiodv** 
ttonbyN.&Shaler.    1888.    8<>.    143  pp.    Prioe  15  centa. 
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47.  Anftljws of  Watoraor the  TellowsUHie  NaUoMl  Park,  with  m  A«0ut  sf  tke  MutlnJicf  AmO. 
jfui  etu ployed,  bj  Frank  Auatui  Geoch  and  Jamea  Edward  Whitfield.  IML  8».  M  pp.  Price  If 
eenta. 

48.  On  the  Form  and  Position  of  the  Sea  Lerel,  by  Robert  Simpaon  Woodward.  18B&  flP.  tt  ppb 
Price  10  eenta. 

49.  Laiitaitea  and  Longitadesof  Certain  Pointa  In  Miatoori,  Kanaaa,  and  Kev  Mexleo^  by  Sobert 
Simpaon  Wood vanl.    1889.    8^.    133  pp.    Priee  15  eenta. 

50.  Formnlas  and  Table«  to  facilitate  the  Construction  and  Uae  of  Mapa.  by  Robert  Strnpeoa  Wood> 
vard.    1880.    9P.    124  pp.    Price  15  eenta. 

5L  On  InTortebrato  FoatiLft  ftvm  the  Pacific  Coast,  by  Charlea  AUathar  White.    1889.    9P,    lOS  pp. 

14  pi.    Price  15  cents. 

52.  Sabaerial  Deeay  of  Roeks  and  Origin  of  the  Red  Color  of  Certain  Fonnatioiia,  by  lanel  Cook 
RusselL    1880.    SP.    65  pp.    5pL    Price  10  eenta. 

53.  The  Geology  of  Nantucket,  by  Nathaniel  Soathsate  Shaler.  1889.  flP.  55  pp.  10  pL  Pzice  It 
cents. 

54.  On  the  Themio-Electric  Measorement  of  High  Tenperatotea,  by  Caii  Bama.  1889.  9*,  313  pp^ 
inct  1  pi.    11  pL    Price  25  cents. 

55.  Repiirt  of  work  done  in  the  Division  of  Cheniiytry  and  Physios,  mainly  during  the  fiscal  year 
188ft-'F7.    Frank  Wigglesworth  Clarke,  chief  chemist.    1689.    8^.    98  pp.    Price  10  eenta^ 

56.  FobaII  Woo4l  and  Lignite  of  the  Potomac  Formation,  by  Frank  Hall  Knowlton.  ,  1880.  8P.  72  pp. 
7  pi.    Price  10  cfnts. 

57.  A  Geological  Reconnaissance  in  Sooth  western  y  ansae,  by  Robert  Hay.  189IL  8^.  49  pp.  2  pi 
Price  5  cent«. 

58.  TheCilflcial  Bonnilan'  in  Western  PonnsylTania,  Ohio,  Kentucky,  Indian*,  and  niinoia.  by  George 
Frcilerick  Wrii^ht.  with  an  introdnotion  by  Thomas ChrowderChamberlin.  1899.  8P.  112  pp.  imd. 
1  pi.    8  pi.    Price  15  ceil  la. 

99.  TheGabbros  and  Associated  Rocks  in  Delaware,  by  Fkederiek  D.  Cheater.  1800.  8o.  iSpp. 
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RECORD  OF  NORTH  AMERICAN  GEOLOGY  FOR  1887  TO  1889. 


By  Nelson  Hoeatio  Dabton. 


INTRODUCTORY. 

The  literary  scope  of  this  record  iuclades  geologic  publications 
printed  in  North  America  and  publications  on  North  American  geology 
wherever  printed.  Chronologically  it  includes  pnldications  issued 
during  the  years  1887, 1888,  and  1889.  The  List  of  Publications  Exam- 
ined, page  9,  indicates  the  range  of  the  sources  of  information. 

The  entries  are  comprised  in  the  three  following  classes,  all  being  ar- 
ranged in  a  single  alphabetic  sequence : 

I.  Principal  entries, — Consisting  of  full  titles  of  separate  contribu- 
tions classified  by  authors,  with  subarraugemeut  by  dates,  together 
with  as  much  of  the  usual  bibliographic  information  as  appears  nec- 
essary in  a  work  of  this  kind.  The  descriptive  note  relates  only  to 
the  geologic  contents  of  the  contribution.  The  size  of  volume  is  given 
only  when  other  than  octavo.  The  extent  of  papers  less  than  a  page  in 
length  is  indicated  thus :  i  p.,  ^col.,  3  lines. 

II.  Titles  of  containing  publications. — Entered  as  headings,  under 
which  authors'  names  and  short  titles  of  the  contained  papers  are 
listed  in  their  order  of  precedence. 

III.  Subject  references. — Geographic,  stratigraphic,  and  miscellaneous 
geologic  headings  under  which  abbreviated  titles  of  papers  are  classi- 
fied for  cro8&  referem^e  to  principal  entries.  A  key  Co  these  subject 
references  is  given  on  page  8. 


KEY  TO  THE  SUBJECT  REFERENCES. 


Qeographic : 
Alabama. 

Alaska,  and  the  other  States  and  Territories. 
Asia. 

Bermudas. 

Canada,  comprising  all  British  possessions  in  North  America. 
Central  America. 
Europe. 

Hawaiian  Islands. 
Mexi(50. 
New  Zealand. 
South  America. 

Stratigraphic : 
Pleistocene. 
Tertiary. 

Cretaceous,  including  Laramie  and  Potomac. 
Jurassic-Triassic. 
Carboniferous,  including  Permian. 
Devonian. 
Silurian,  Upper. 
Silurian,  Lower. 
Cambrian. 
Archean,  comprising  all  pre-Cambrian  formations. 

Miscellaneous : 

Geologic  history. 
Geologic  philosophy. 
Petrography. 
8 


LIST  OP  PUBLIOATIONS  EXAMINED. 


American  Academy  of  Arts  and  Sciences,  Proceedings,  vol.  22 ;  vol.  23,  part  1. 

American  Anthropologist,  yoIb.  1,  2.     Washington. 

American  Association  for  the  Advancement  of  Science,  Proceedings,  vols.  36,  37. 
Salem,  Mass. 

Aoierioan  Geographical  Society,  linlletin,  vols.  19-21.    New  York. 

American  Geologist,  vols.  1-4.     Minneapolis,  Minn. 

American  Institute  of  Mining  Engineers,  Transactions,  voL  15,  p.  536  to  end ;  vols. 
16,  17.    New  York. 

American  Journal  of  Science,  vols.  33-38.    New  Haven,  Conn. 

American  Mnseum  of  Natural  History,  Bulletin,  vol.  2,  Nos.  1-2.    New  York. 

American  Naturalist,  vols.  21,  22;  vol.  23,  January  to  September.     Philadelphia. 

American  Philosophical  Society,  Proceedings,  vols.  24,  25,  Nos.  124-130.  Phila- 
delphia. 

Transactions,  vol.  16,  new  series,  part  2.    Philadelphia. 

Appalachia,  vol.  4,  No.  4  ;  vol.  5.     Boston. 

Arkansas  Geological  Survey,  Report  for  1888,  vols.  1-3.     Little  Rock. 

Boston  Society  of  Natural  History,  Memoirs,  vol.  4,  Nos.  1-6.    Boston. 

Boston  Society  of  Natural  History,  Proceedings,  vol.  23,  p.  257,  to  vol.  24,  p.  288. 
Boston. 

British  Association  for  the  Advancement  of  Science,  Report  of  fifty-sixth,  fifty- 
seventh,  and  fifty-eighth  meetings.    Loudon. 

California  Academy  of  Sciences,  Bulletin,  vol.  2,  Nos.  6-8.    San  Francisco. 

California  Academy  of  Sciences,  Proceedings,  2d  series,  vol.  1,  parts  1,2. 

California  St*ate  Mining  Bureau.  Seventh  and  Eighth  Annual  Reports  of  the  State 
Mineralogist,  William  Irelan,jr.    Sacramento. 

Canada,  Geological  and  Natural  History  Survey,  Annual  Report,  vol.2,  1886-'88. 
Montreal. 

Canada,  Royal  Society,  Transactions,  vols.  4-6.    Montreal. 

Canadian  Institute,  Proceedings,  vol.  4,  No.  2,  to  vol.  6,  No.  2.    Toronto. 

Canadian  Record  of  Science,  vol.  2,  No.  5,  to  vol.  3,  No.  6.    Montreal. 

Cincinnati  Society  of  Natural  liistoryi  Journal,  vol.  10  to  vol.  12,  No.  3.  Cincin- 
nati, Ohio. 

Colorado  State  School  of  Mines,  Field  work  and  Analyses.    Golden,  Colorado,  1886. 

Biennial  Report,  1886;  Annual  Report,  1887. 

Colorado  Scientific  Society,  Proceedings,  vol.  2,  parts  2,3;  vol.  3,  part  1.    Denver. 

Connecticut  Academy  of  Arts  and  Sciences,  Transactions,  vol.  7,  part  2.    New  Haven. 

Cornwall,  Royal  Geological  Society,  Transactions,  vol.  11,  parts  2, 3.     Penzance. 

Dakota  School  of  Mines,  Preliminary  Report  upon  the  Geology  and  Mineral  Re- 
.    sources  of  the  Black  Hills  of  Dakota.    Rapid  City. 

Davenport  Academy  of  Sciences,  Proceedings,  vol.  4 ;  vol.  5,  part,  1.  Davenport, 
Iowa. 

Deonison  University,  Scientific  Laboratories,  Bulletin,  vol.  2 ;  vol.  3,  part  1 ;  vol.  4, 
parts  1,2.    Granville,  Ohio. 

Deatschen  geologischen  Gesellschaft,  Zeitschritt,  vo\.*^\^o\,  AS^^^vlVa  V%.  ^^i^^\i^ 
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EdiDbnrgb  Oeological  Sooiety,  Transactions,  vol.  5,  parts  9-4.    Edinbargb. 

Elisha  Mitobell  Soientifio  Society,  Joarnal,  1887-'89.    Raleigh,  North  Carolina. 

Engineering  and  Mining  Journal,  vols.  43-48.    New  York. 

Essex  lustitute,  Bnlietin,  vols.  19,20;  vol.  21,  Nob.  1-6.    Salem,  Massachnsetjts. 

Forum,  1888.     New  York. 

Franklin  Institute,  Journal,  vols.  123-127.    Philadelphia. 

Geologists*  Association,  Proceedings,  vol.  10 ;  vol.  11,  Nos.  1-5.    London. 

Geological  Society,  Quaiterly  Journal,  vols.  43-45.     London. 

Geological  Magazine,  Third  decade,  vols.  4-6.    London. 

Geological  and  ScientiAo  Bulletin,  vol.  1,  Nos.  2-7  and  9-12.    Austin,  Toxas. 

Glasgow  Geological  Society,  Transactions,  vol.  8,  parts  1, 2. 

Harvard  College,  Museum  of  Comparative  Zoology,  Bulletin,  vol.  16,  Noa.  1-4,  voL 
17,  Nos.  1,2,5,6,  vol.  18,    Cambridge,  Massachusetts. 

Memoirs,  vol.  16,  Nos.  1-3.    Cambridge,  Massachusetts. 

Hamilton  Association,  Journal,  vols.  2,3. 

International  Congress  of  Geologists,  American  Committee,  Reports,  1SS8. 

Iowa  Historical  Record,  vols.  3, 4.     Des  Moines,  Iowa. 

Iowa  State  University,  Laboratories  of  Natural  History,  Bulletin,  vol.  1,  No.  1.  Iowa 
City. 

Ireland,  Royal  Geological  Society,  Journal,  vol.  17,  part  2;  vol.  18,  part  2.    Dublin. 

Johns  Hopkins  University,  Circilars,  Nos.  53-57.    Baltimore. 

Kansas  Academy  of  Science,  Transactions,  1885-'86,  vols.  10, 11.    Topeka. 

Kansas  Board  of  Agriculture,  5tli  Report     Topeka. 

Kentucky  Geological  Survey,  Reports  on  Jackson  purchase,  Kentucky  River,  Ronnd 
Gap  region,  and  Letcher,  Harlan,  Leslie,  F^erry,  Breathitt,  Spencer,  Nelson, 
Garrard,  Henry,  Shelby,  Oldham,  Mason,  Marion,  Bath,  and  Fleming  counties, 
and  Rocks  of  ceutral  Kentucky. 

Lackawanna  Institute  of  History  and  Science,  Proceedings,  vol.  1.  Scrauton,  Penn- 
sylvania. 

Liverpool  Geological  Association,  Transactions,  vols.  7,8.    Liverpool. 

Liverpool  Geological  Society,  Proceedings,  vol.  5,  parts  3,4.     Liverpool. 

Louisville  and  Nashville  Railroad.  Mineral  resources  of  upper  Cumberland  Valley, 
by  A.  S.  McUreath  and  E.  V.  d'Invilliers.    Louisville. 

Manchester  Geological  Society,  Transactions,  vol.  19 ;  vol.  20,  parts  1-8.  Manches- 
ter. 

Maryland  Academy  of  Sciences,  Transactions,  1?^88,  pp.  1-68.    Baltimore. 

Massachusetts,  Gazetteer  of  Hampshire  County,  1854-^87,  by  W.  B.  Gay.  Syra- 
cuse, New  York. 

Meriden  Scientific  Association,  Transactions,  vols.  2, 3.    Meriden,  Connecticut. 

Minnesota  Geological  and  Natural  History  Survey,  Geology  of  Minnesota,  Final  re- 
port, vol.  2,  by  N.  H.  Wiuchell  and  Warren  Upham. 

Minnesota  Geological  and  Natural  History  Survey,  Sixteenth  and  Seventeenth  An- 
nual Reports.     St.  Paul. 

Bulletin,  No.  5. 

Minnesota  Academy  of  Natnral  Sciences,  Bulletin,  vol.  3,  No.  1.    Minneapolis. 

National  Academy  of  Sciences,  Memoirs,  vol.  3,  part  2;  vol.  4,  part  1.    Washington. 

National  Geographic  Magazine,  vol.  1.    Washington. 

Nature,  18«7-'89. 

Nenes  Jahrbuch  flir  Mineralogie,  Geologic,  nnd  Palaeontologie,  1887-'89.    Stuttgart. 

New  Brunswick  Natural  History  Society,  Bulletins  Nos.  6-8.    St.  John. 

New  Jersey  Geological  Survey,  Reports  of  State  Geologist  for  1886,  1887,  and  1888. 
Trenton. 

New  Orleans  Academy  of  Sciences,  Papers,  vol.  1,  No.  2. 

New  York  Academy  of  Sciences,  Annals,  vol.  4,  Nos.  1-11.     New  York, 

Transactions,  vols.  4-8. 
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New  York  State  Museum  of  Natural  History,  Bulletins,  Nos.  1-6.    Albany. 

Fortieth  Annual  Report,  for  year  1886.    Albany. 

Nova  Scotian  Institute  of  Natural  Science,  Proceediugs  and  Transactions,  vol.  7, 
parts  1-3.    Halifax. 

Ohio  Geoloj|;ical  Survey,  Report,  vol.  6,  Economic  Geology.    Columbas. 

Ottawa  Naturalist,  vols.  1,  2  ;  vol.  3,  Nos.  1-3.    Ottawa. 

Pennsylvania  Geological  Survey,  Annual  Report  for  1886,  parts  3  and  4.    Harris- 
burg,  1887^ 

Atlases,  HH-HHH;  and  AA,  parts  2^. 

Peoria  Scientific  Association,  Bulletin,  vol.  1.    Peoria,  Illinois. 

Philadelphia  Academy  of  Natural  Sciences,  Jourual,  2d  series,  vol.  9,  part  2.    Phila- 
delphia. 

Proceedings  1887-'d8;  1889,  parts  1,  2.    Philadelphia. 

Popular  Science  Monthly,  1887-»89.    New  York. 

Royal  Geographical  Society,  Proceedings,  Yol.  11.    London. 

St.  Louis  Academy  of  Sciences,  Transactions,  vol.  5,  Nos.  1,  2.    St.  Louis. 

School  of  Mines  Quarterly,  vol.  8,  No.  3,  to  vol.  11,  No.  1.    New  York. 

Science,  vols.  9-14.    New  York. 

Scientific  American  Supplement,  vols.  24-28.    New  York. 

Scottish  Geographical  Magazine,  vols.  3-5.    Edinburgh. 

Smithsonian  Institutiou,  Reports  for  1885- 8d. 

Soci^t^  g6ologique  de  France,  Bulletin,  vols.  15,  16.    Paris. 

Soci^t^  gdologique  dn  Nord,  Annales,  vol.  15,  Nos.  1-6.    Lille. 

Stateu  Island  Natural  Science  Association,  Proceedings,    1887-'89.     New  Brighton, 
New  York. 

Stockholm,   Geologiska  Foreuingen,  Forhandlinger,   vols.  8-10;  vol.   11,  Nos.  1-4. 
Stockholm. 

Texas,  University  of,  School  of  Geology,  Circular  No.  1.    Austin,  Texas. 

' Paleontology  of  the  Cretaceous,  part  1. 

Texas  Geological  and  Mineralogical  Survey,  First  Report  of  Progress,  1888.    Austin. 

Trenton  Natural  History  Society,  Journal,  vol.  1.    Trenton,  New  Jersey. 

U.  S.  Geological  Survey,  Bulletins  Nos.  34-54.     Washington. 

Mineral  Resources,  1887. 

Monographs  vols,  xiii  and  xiv. 

Seventh  Report,  188o-'86.    Washington. 

U.  S.  Nntional  Mnseum,  Proceedings,  vols.  9-11.    Washington. 

United  States,  Reports  on  the  iron  regions  of  northern  Louisiana  and  eastern  Texas. 
Washington. 
'  Vienna,  K.-k.  geologische  Reich8anstalt,Verhandlungen,  1888,  Nos.  1-7.    Vienna. 

Vassar  Brothers'  Institute,  Proceedings,  voL  4.    Ponghkoepsie,  New  York. 

Washbarn  College  Laboratory,  Bulletin,  vol.  2,  Nos.  9,  10.    Topeka,  Kansas. 

Washington  Philosophical    Society,   Bulletin,  vols.    9,   10;    vol.  1(  to  page  172. 
Washington. 

Wisconsin  Academy  of  Sciences,  Transactions,  vol.  7.    Madison 

Wyoming,  Report  of  the  Territorial  G^logist  for  1887.     Cheyenne. 

Wyoming  Historical  and  Geological  Society,  Publications,  vol.  3.    Wyoming,  Penn- 
sylvania. 

Yorkshire  Geological  and  Polytechnic  Society,  Transaotionsy  voL  9,  part  2;  vol.  11, 
part  1.    Yorkshire. 
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A. 


ABBOTT,  Charles  C.    On  tbe  antiquity 
of  man  in  the  valley  of  the  Delaware. 
Boiton  Soc  Nat.  Hiat.,  Proc.|Vol.  23,  p]>. 
424-426.     1886. 

Inolndes  references  to  the  genesis  and  rela> 
lion  of  the  Trenton  gravels. 

ADAMSy  Frank  D.    On  the  coal-bear- 
ing rocks  of  Canada. 

British  Assoc.  Adr.  Scl.,  Report  of  56th 
Meeting,  1886,  pp.  630-G&1.    1887. 

General  desonption  of  the  Carboniferous 
coal  measures  of  Nova  Scotia  and  Now  Bi-un.4- 
wick,  the  lignites  and  anthracites  of  the 
Northwest  Territory,  and  the  bitnmlnoas  coal 
of  Vancoavor's  Island. 

The  auortbosite  rocks  of  Canaila. 

British  Assoc.  AdT.  Set.,  Report  of  d6tfa 

Meeting,  1886;  pp.  666-667.     1887. 

Describes  the  mineralogic  constituents  and 
variations  of  the  Upper  Laui*entian  or  Norian 
series  occnrringin  detached  areas  in  thegreat 
Lanrentian  region. 

[Analyses— Shell  marl   from  Anti- 

costi   and  Carbonaceons   schist   from 
Lake  of  the  Woods.  ] 

Canada  Oeol.  andlfat.  SQst.  Sarrey,  Report, 
1886,  part  I,  p.  41,  |  p.    1887. 

—^—  Ou  the  microscopical  character  of 
the  ore  of  the  Tread  well  mine.  Alaska. 
Am.  Geologist,  vol.  4,  pp.  88-93,  1889. 
Abstract  Am.  Naturalist,  vol.  23,  p.  721, 6 
lines.    1889. 

Includes  petrographlo  description  of  asso- 
ciated rook. 

and  laAWSON,   Andrew  C.     On 

some  Canadian  rocks  containing  scapo* 
lite,  with  a  few  notes  on  some  rocks 
associated  with  tbe  apatite  deposits. 
Canadian  Record  Science,  vol  3,  pp.  185- 
201,1888. 

Abstract,  Am.  N atnrali*:,  vol.  23,  pp.  16&- 
170,  p.  (Febmnry  No.),  1890. 

Petrographic  description  of  apatite-bearing 
pyroxenites  from  Portland  We^t,  the  Mo- 
Laiirian  mine,  Star  Hill  mine,  and  Blesslngton 
mine,  smphibolitea  firon  Arnprior,  and  soapo- 


ADAMS,  Frank  D.,  and  LAWSON, 
Andrew  C. — Continued. 

lite-beariug  rocks  fropi  near  Arnprior,  in 
Froutonac  and  Addington  counties,  and  the 
Perry  Sound  region.  Discussion  of  associa- 
tions and  history  of  some  of  the  contained 
minerals. 

AG-ASSIZ,  Alexander.    The  coral  reefs 
of  the  Hawaiian  Islands. 

Harvard  College,  Mus.  Comp.  Zool.,  Bull., 
vol.  17,  pp.  121-170,  pis.  i-xn.     1889. 

Keview  of  theories  of  the  origin  of  coral 
reefs,  and  an  account  of  recent  observations 
on  the  relations  of  the  coral  formations  of  the 
Hawaiian  Islands. 

Alabama,  absence   of  separable  Oligo- 

cene,  Aldricii. 
analyses  of  iron  ores,  Flkming. 
Birmingham  region,  Brainrrp.    Mc- 

Creatu  and  d*Invillier8. 

coal,  ASHBURNEK. 

deposits  of  phosphate  of  lime,  Pen- 
rose. 

geological  snrvey,   Spencer,  J.  W. 

North  American  eastern  Tertiary. 
Meyer,  O. 

relations  of  Grand  Golf  series,  Hil< 

OARD. 

report  of  subcommittee  on  Cenozoic, 
Smith,  E.  A. 

Tertiary  and  Cretaceons,  r^nmd, 
McGee. 

Tertiary  and  Cretaceous  of  the  Tus- 
caloosa, Torabigbee,  and  Alabama 
Rivers,  Smith  and  Johnson. 

Tuscaloosa  formation,  McGee. 

Tertiary,  Heilprin.    Meter. 

white  limestone  formation,  Johnson. 

Alaska,  glaciation,  Dawson,  G.  M. 

Muir  Glacier,  Chickerinq.  Wright. 
Yukon  expedition,  Dawson,  G.  M. 
Tread  well  mine  ores,  Adams.    Daw- 
son, G.  M. 


14 


RECORD   OF   GEOLOGY   FOR  1887   TO   1889. 


BULL.  75.] 


ALDRICH,  T.  H.  [On  the  absence  of 
separable  OliKOcene  in  the  Gulf  Ter- 
tiary region.] 

International  OongreM  of  Q^ologUtSi  Am. 
Oommittee,  ReporU,  1888.  F.,  p.  7, 8  lines.  Am. 
aeologiat,  vol.  2,  p.  273.    1888. 

Statement  of  opinion. 

ALLEN,  Joseph  H.  Wt-stern  Kentucky 
Coals  and  cokes. 

Am.  Inst.  Mining  Engineers,  Trans.,  voL 
16,  pp.  581-593.    1888. 

Generalized   section.     Diacusses   identity 
of  some  of  the  beds  at  different  localities. 
American  Anthropologist,  voL  2. 

Geologic  ant»>oedent8  of  man  in  the 
Potomac  Valley,  McGee. 
American  Association   for   the   Ad- 
vancement of  Science,  Proceedings, 

voL  36. 

Work  of  International  Congress  of 

Geologists,  GiLBEUT. 
Devonian  system  in  North  America, 

Williams,  H.  S. 
Lower  Devonian  and  Upper  Silnrian 

in  well  in  central  Now  York,  Pros- 

8ER. 

Upper  Hamilton  of  Chenango  and 
Otsego  Counties,  New  York,  Pros 

SKR. 

Seclionof  south  western  Ohio,  James. 

Granite  and  quartzite  contact,  Iron- 
wood,  Michigan,  Wincuell,  N.  H. 

Lower  Silurian  and  Cambrian  in  well 
near  Utica,  New  York,  Walcott. 

Fossils  in  Lower  Taconic  of  Emmons, 
Walcott. 

Berea   grit    in    northeastern    Ohio, 

CUSUINQ. 

Texas  section  of  American  Creta- 
ceous, Hill,  R.  T. 

Geology  of  Florida,  Johnson,  L.  C. 

Upper  Eocene  lacnstrine  formations 
of  the  United  States,  Scott. 

*•  Lake  Cuyahoga,"  Claypole. 

Glacial  erosion  in  Norway,  Spencer. 

Theory  of  glacier  motion,  Spkncbr. 

Sand  bowlders  in  drift  of  Missouri, 
Spencer. 

Columbia  formation,  McGee. 

Genesis  of  the  Hawaiian  Islands, 
Hitchcock. 

Serpentines  of  southeastern  Pennsyl- 
vania, Chester. 

Dynamic  metamorphism  of  eraptives 
of  south  shore  of  Lake  Superior, 
Williams,  G.  H. 


American  Association  for  the  Ad- 
vancement of  Science^  ProceedingSk 
voL  36 — Continued. 

Four  great  sandstones  of  Pennsyl- 
vania.   Claypole. 


voL  37. 


Address  on  International  Geological 
Congress,  Cook. 

Sporocarps  in  Ohio  shale,  Orton. 

Oil  and  gas  horizons,  Mississippi  Val- 
ley, Orton. 

Forest  bed  beneath  inter-morainio 
drift,  Leverett. 

Rock  salt  in  Kansas,  Hay. 

Oil  fields  of  Colorado,  Newberry. 

Mesozoic  of  Sergipe-Alagdas  Basin, 
Branner. 

Age  of  Arkansas  crystallines,  Bran- 
ner. 

Peridotites  of  Pike  County,  Arkansas, 
Branner  and  Brackbtt. 

Granites  of  Northwest,  distribution 
and  lithology,  Hall,  C.  W. 

Ancient  Ohio  channel  at  Cinoinnati, 
James. 

Great  Lakes  of  North  America,  Spbn- 
cer. 

Lake  Cheyenne,  Todd. 

Terraces  of  the  Missouri,  ToDD. 

Archean  of  the  Northwest,  Winch- 
ell,  A. 

Use  of  fossils  in  determining  age, 
Williams,  H.  S. 

Woods  and  lignites  of  Potomac  for- 
mation, Knowlton. 

Glacial  boundary  in  southeastern 
Dakota,  Wright. 

Eruptive  rocks  of  Minnesota  and  in 
general,  Winchell,  N.  H. 

American  Geographical  Society,  Bul- 
letin, voL  19. 
Physical   geography    of    Labrador, 
Packard. 

voL  20. 

Summer  cruise  to  northern    Labra- 
dor, Packard. 
Philosophy  of  glacier  motion,  Roorr. 

AMERICAN  aEOLOaiST,  Irving 
and  Chamberlin  on  the  Lake  Snpe- 
rior  sandstones. 

American  Geologist,  voL  1,  pp.  44-OT.    1888. 

Review  of  "  ObseTvations  on  the  junction 
between  the  eastern  sandstone  and  the  Ko- 
ireeuaw  aeries  on  Keweenaw   Point,  Laka 
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AMERICAN  aEOLOaiST— Cont'd. 

Superior,  by  R.  D.  Irving;  and  T.  C.  Chamber- 
lin«  U.  S.  Geological  Survcj,  Bull  Na  23. 

Murray's  theory  of  the  formation  of 

barrier  reefs  and  coral  islands. 

Am.  aeologist,  vol.  I,  pp.  1 1 3-1 16.    1888. 
Statement  of  Darwin's  and  &iurray'a  theo- 
ries. 

On  the  chert  of  the  Upper  Coal  Meas- 
ures in  Montgomery  County,  Iowa. 

Am.  Geologist,  vol.  1.  pp.  116-117.    1888. 
Discussion  of  nature  antl  origin. 

Black  marl  from  Cheyenne  County, 


Nebraska. 

Am.  Geologist,  vol.  1,  p.  137, 3  linos. 
Notice  of  oconrronce. 


1888. 


—  Later  Cretaceous  in  Iowa. 

Am.  Geologist,  vol.  1,  p.  337,  \  p.    1888. 
Kercrcnco  to  a  number  of  localities  in  differ- 
ent part«  of  the  State  and  in  Minnesota. 

—  The  antiquity  of  man;  some  inci- 
dental rosuils  of  the  discussion. 

Am.  Geologist,  vol.  2,  pp.  5L-54.     1888. 
Includes  references  to  the  remoteuess  and 
duration  of  the  glacial  epochs. 

—  Formation  of  coal  seams. 

Am.  Geologist,  vol. 2,  pp.  3)4-336.    1888. 
Bevlew  of  W.  S.  Grosloy  and  discussions  of 
conditions  of  carbouaccous  accumulation. 

—  [Fossil  bone  in   well   at   Lincoln, 


Nebraska.] 

Am.  Geologist,  vol.  2,  p.  439,  \  p.     1888. 
Gives  section  through  drift  iu  Dakota  sand- 
stone. 

—  A  new  glacial  theory. 

Am  Geologist,  vol.  3,  pp,  138-139.    1880. 
Notice  of  Carpenter's  theory  and  didonssiou 
of  cause  of  glacial  cold  and  ice. 

[Notice  aud  review  of  E.   Danzig 


"Ueber  die  eruptive  Natur  gewissen 
Gneisse  sowie  des  Grauulits  im  siioh- 
sischen  Mittelgcsbirge."] 

Am.  Geologist,  vol.  3,  pp.  150-152.    1889. 
Points  out  the  bearinj;s  of  some  of  the  con- 
olosions. 

—  Unoonforniity   at  the  falls   of  the 

Montmorenci. 

Am.  Geologist,  voL  3,  pp.  83a-334.    1889. 

Reproduces  Bmmons's  illustration  of  the  lo- 
cality and  reviews  the  opinions  of  Emmons 
and  others  iu  regard  to  the  I'elations. 

—  Very  striking  examples  of  glacial 

action    *    *    *    on  eastern  flanks  of 

« 

the  higher  ran<;es  of  the  Sierra  Nevada 
Mountains. 

Am.  Geologist,  vol.  3,  pp.  340-31 1,  |  p.    1889. 

Notice  of  some  glacial  planings. 


AMERICAN  O-EOLOGIST -Cont'd. 

Some  recent   speculations   on    the 

origin  of  petroleum. 

Am.  Geologist,  vol.  4,  pp.  371-376.     1889. 

Abstract,  Syi.  Am.  Supt.,  vol.  29,  pp.  11765* 
11766,  2  cols.,  40,  1890. 

Review  of  \I('nilclt-6f.  Discnsses  original 
sources  of  bituminoas  material  and  meahs  of 
its  transfer  and  accumulHtion  as  petroleum. 

Amerioan  Geologist,  voL  1. 

History  of  Interuational  Congress  of 
Geologists,  Faazer. 

Animikie  black  slates  and  Ogishke 
conglomerate  of  Minnesota,  Winch- 
KLL,  N.  H. 

Unconformities  of  Animikie  in  Min- 
nesota, WlNCHELL,  A. 

Well  at  Washington,  Iowa,  Calvin. 

Irvirg  and  Chamberlin  on  Lake 
Superior  sandstones,  Am.  Geolo- 
gist. 

Ice  age  in  North  America,  Wright. 

Flora  of  coast  islands  of  California, 
Le  Conte. 

Range  of  fossils  of  Hamilton  period 
in  western  Ontario,  Calvin. 

Correlation  of  Lower  Silurian,  Ui^ 

RICH. 

Murray's  theory  of  formation  of  coral 
islands,  Am.  Geologist. 
-Chert   of   upper  coal     measures    of 
Iowa,  Am.  Geologist. 

Brown  hematite  in  Allamakee 
County,  Iowa,  OuR. 

Crystalline  rock  in  Pawnee  County, 
Nebraska,  Russell,  F.  W. 

Salt  well  at  Llncolu,  Nebraska,  Rub- 
sell,  F.  W. 

Trentou  limestone  as  an  oil  forma- 
tion, Orton. 

Diatiomaceons  earth  on  North  Loup 
River,  Nebraska,  HiCK.s. 

Well  hole  on  south  side  of  Long 
Island,  Bryson. 

Clay  from  Pine  and  Cherry  counties, 
Nebraska,  Rekd. 

Peat  bed  in  Loup  County,  Nebraska, 
Russell,  F.  W. 

Black  marl  from  Cheyenne  County, 
Nebraska,  Am.  Gkologist. 

Effect  of  pressure  of  a  continental 
glacier,  Winch kll,  A. 

River-lake  system  of  western  Michi- 
gan, Woolbuidgk. 

Objections  to  the  term  Taconic  com&ld.- 
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A  great  primordial  qaartzite, 
WiNCHKUL,  N.  H. 

Aiithraoite  coal  in  valley  of  Bow 
River,  Canada,  Dodge. 

Subterranean  commotion  near  Akron, 
Ohio,  Claypolb. 

Diabase  dikes  of  Rainy  Lake,  Law- 
son. 

Cretaceous  deposits  in  Iowa,  Whitb, 
C.A. 

Taconlo  system  as  established  by 
£mmon8,  Miller. 

On  soeptropora,  Ulrich. 

Niafi^ara  shales  of  western  New  York, 

RlKOUEBERO. 

Pittsburith  coal  bed  and  its  disturb- 
ances, Wasmuth. 
Geyserite  in  Nebraska,  HlCKS. 
Archean  geology  of  Missouii,  Ha- 

WORTH. 

The  reef-bnilders.  Hicks. 

Oeology  in  onr  preparatory  schools, 
Taylor. 

Cascade  anthracite  basin.  Rocky 
Mountains,  DaWson,  O.  M. 

Later  Cretaceous  in  Iowa,  Am.  Ge- 
ologist. 

Some  American  norytes  and  gabbros, 
Hrrrich,  Clarke  and  Drmiko. 

Taconic  question,  Winchkll,  A. 

Condition  of  interior  of  the  earth, 
Claypolb. 


vol.  2. 


Psammichnites   [etc.]    of  Cambrian 
of  eastern  Canada,  Matthew. 

"  Principles  "  of  the  adversaries  of 
the  Taconic,  Marcou. 

Fossils  from  lower  coal  measures  at 
Des  Moines,  Iowa,  Keyes. 

Post-glacial  geology  of  Ann  Arbor, 
Michigan,  Woolbridge. 

Geology    as   a    means   of     culture. 
Winch  ELL. 

Antiquity  of  man,  Am.  Geologist. 

Hnronian  of  Canada,  Selwyn. 

Lake  beaches  at  Ann  Arbor,  Spencer. 

Volcanic  dust  from    Nebraska    and 
Kansas,  Hicks. 

Beaches  aloug  south  side  of   Long 
Island,  Bryson. 

Knowledge  of  North  American  East- 
ern Tertiary,  Meyer. 

Geology   of  the  Montmorenci,  Em- 
MONBf  E. 


American  Gteologist,  voL  2— Continaed. 

Marcou  on  Taconic  of  Georgia  [etc.], 
Selwyn. 

Taconic  at  Boston,  Hyatt. 

Peculiarities  of  superficial  deposits  of 
northeastern  Iowa,  McGbe. 

Carboniferous  of  western  Texas, 
Ctmmins. 

Report  of  subcommittee  on  Archean, 
Frazbr. 

Report  of  subcommittee  on  Lower 
Paleozoic,  Winchbll. 

Use  of  term  Taconic,  Dana.  Winch- 
bll, A.  Selwyn.  Williams,  G.  H. 
Emerson.  Dawson,  J.  W.  Lb 
CoNTE.  Irving.  Hague.  Blakb. 
MacFarlanb.     Emmons,    S.    F. 

DUTTON. 

.   Nomenclature  of  Lower    Paleozoic, 
Ford.    Hall.  Hitchcock.   New- 
berry. 
Taconic   system  ^of  Emmons,  Wal- 

COTT. 

Report  of  subcommittee  on  Upper  Pa- 
leozoic (Devon ic),  Williams,  H.  S. 

Report  of  subcommittee  on  Upper 
Paleozoic  (Carbonic),  Stevenson. 

Report  of  subcommittee  on  Mesozoic, 
Cook. 

Mesozoic  realm,  Cope. 

Report  of  subcommittee  on  Cenozoio 

(marine).  Smith. 
On  use  of  term  "  Oligocene,"  Hil- 

GARD. 

On   absence  of  Oligocene    in    Gulf 

region,  Aldrich. 
White    limestone   of    Gulf    region, 

Johnson. 
Relations  of  Grand  Gulf  series,  Hil- 

GARD. 

Oligocene  in  Florida,  Johnson. 

Classification  of  Tertiary  deposits, 
Heilprin. 

Inclusive  of  Quaternary  in  Tertiary, 
Hilgard. 

Nomenclature  of  Tertiary,  New- 
berry.   Winchbll,  A. 

Use  of  term  "  Quaternary,"  Whtt- 
field. 

Fannal  relations  of  Tertiary  forma- 
tions, Dall. 

Nomenclature  of  Cenozoic  formations, 
Le  Conte. 

Report  of  subcommittee  on  Cenozoio 
(interior).  Cope. 
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American  G«ologiBt,  ▼ol.2— Continaed. 

Report  of  sabcommittee  od  Qoater- 
nary  and  recent,  Hitchcock. 

Stru  ct a  ra  I  geology  of  Carbon  i  ferous 
of  Pennsylvania,  Wasmuth. 

The  original  Chazy  rooks,  Buainerd 
and  Sjekly. 

Pockets  containing  clay  [etc.]  in  Ni- 
agara at   Clinton,  Iowa,    Farns- 

WORTH. 

Oatliers  of  Cretaceous  in  Minnesota, 

WlNCHKLL,  N.  H. 

Formation  of  coal  seams.  Am.  Gbolo- 

GIST. 

St.  Lawrence  basin  and  the  Great 

Lakes,  Spkncbr. 
Qnartzite    between    Niobrara    and 

CNeil,  Nebraska,  HiCKS. 
Some   forgotten  Taconic  literature, 

VOGDES. 

Geology  of  yicinity  of  Qnebec  City, 

Marco  n. 
'   Position  of  Olenellns  beds,NATnoR8T. 
Rejoinder  to  C.  D.  Walcott  on  fossils 

from     Mount     Stephen,    Canada, 

ROMINGER. 

Huronian  system  of  Canada,  Bell. 

Well  at  Keokuk,  Iowa,  Gordon. 

H.  C.  Lewis  and  his  work  in  glacial 

geology,  Upham. 
Coal   Measures    of     central     Iowa, 

Kbybs. 

Keokuk  group  at  Crawfordsville,  In- 
diana, Beacrlbr. 
Section     at     Todd's     Fork,      Ohio, 

FOERSTB. 

Glacial  erosion  in  Norway,  Spencer 
[review],  AM.  Geologist. 

Mitchell  County,  Texas,  Broadhbad. 

Literature  of  geyserite,  Merrill, 
G.P. 

Fossil  bone  in  well, Lincoln, Nebraska, 
Am.  Geologist. 


Vol.  3. 


History  of  Ozark  uplift,  Broadhbad. 
Glacial  origiu  of  cliffy,  Davis. 
Diabase  with  Jaspilyte  of  Minnesota, 

WiNCHELL,  H.  V. 
Mount  Stephen,  B.  C,  McConxbll. 
Soils  of  Nebraska,  IIiCKS. 
Green  qaartzit«  from  Nebraska, Todd. 
H.  S.  Williams's  report  on  Devon  io, 

Marcod. 
fin  unjust  attack,  Frazeb, 

BaU.  75 2 


American  Qeologiat,  vol.  3— Continued. 
Glaciers  and  glacial  radicuts  Clat- 

POLE. 

Waverly  group  in  Ohio,  Herrice. 

Woods  and  lignites  of  Potomac  forma- 
tion, Knowlton. 

Physical  theories  of  the  enrth,  Rradb. 

Choateau  group  of  Missouri,  Row- 
ley. 

Well  at  Davenport,  Iowa,  Tiffany. 

Barrande  and  the  Tucouic,  Marcou. 

A  now  glacial  theory.  Am.  Gkol.  gist. 

Notice  and  review  of  Lehniaou,AM. 
Geologist. 

Conglomerates  in  gneiss.  WiKCii- 
ELL,  A. 

Foliation  and  sedimentation,  Law- 
son. 

Newark  system,  Russell,  I.  C. 

Original  locality  of  Gryphsa  Pitoberi. 
Marcou. 

Old  channel  of  Niagara  River,  Sco- 
vell. 

Iron  ores  of  Penokee-Gogebic,  Van 

HiSE. 

Great  Lake  basins  of  St.  Lawrence, 
Drummond. 

Notes  on  geology  of  Black  Hills, 
Carpenter. 

Glacial  erosion,  Spencer. 

Two  s^vstems  confounded  in  the  Hu- 
ronian, Winch  ELL,  A. 

Artesian  well,  Woodhaven,  Long 
Island,  Bryson. 

Nickel-bearing  rock  in  Kansas,  Snow. 

Relations  of  Devonian  faunsd  of  Iowa, 
Williams,  H.  S. 

Glaciatiou  in  British  Columbia,  Daw- 
son, G.  M. 

Conglomerates  in  New  England 
gneisses,  Hitchcock. 

Conglomerates  in  gneisses,   Winch- 

ELL,  A. 

Foliation  and  sedimentation,  Law- 
son. 

Geologic  story  of  Colorado  River, 
Texas,  Hill,  R.  T. 

Carboniferous  glaciations,  Wuite, 
CD. 

Unconformity  at  falls  of  Montnior- 
enci.  Am.  Geologist. 

''Two  systems  confounded  in  the 
Huronian,"  Sblwyn. 

Glacial  action  on  flanks  of  higher 
Sierra  Nev  ad«k^  M&.^iiiQ\f^QA.^^x 
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Stillwater,  Minnesota,  deep  well, 
Mkadrs. 

Quaternary  of  Brazil,  Mills. 

Story  of  Mississippi-Missouri,  Clay- 
polk. 

Meaozoio  of  Colorado  and  New  Mex- 
ico, Stevenson. 

VoL  4. 

Ore   deposit    at   Treadwell  mine, 

Alaska,  Dawson,  G.  M.,  Adams. 
Iron  Bntte,  Montana,  Calvin. 
Camptonite   dikes,   Washington 

Connty,   New    York,    Kemp   and 

Marsters. 
Crinoidea  from  Niagara  at  St.  Paul, 

Indiana,  Beachler. 
Obsidian    oliff,    Yellowstone    Park, 

IDDINGS. 

Martha's  Vineyard,  Shaler. 
Classification  of  Cambrian  and  pre- 

Laaibrian,  Irving. 
Structure  of  Triassic  of  Connecticnt 

valley,  DaItis. 
Geology  of  head  of  Chesapeake  Bay, 

McGee. 
Distribution  of  loess  fossils,  Ketbs. 
Taconio   of   eastern  Newfoundland, 

HOWLEY. 

Terminal  moraine  near  Louisville, 
Bryson. 

Deep  boring  at  Keoknk,  Gordon. 

How  is  the  Cambrian  divided?  Mat- 
thew. 

The  Missouri  River,  Broadhead. 

Mesozoio  series  of  New  Mexico,  Mar- 
cou. 

Glaoiation  of  mountains  in  New  Eng- 
land and  New  York,  Upham. 

Origin  of  certain  Cretaceous  lime- 
stones, Hill,  R.  T. 

Plants  and  tisbea  of  Trias  of  New 
Jersey  and  Connecticut  valley, 
Newberry. 

Tertiary  and  Cretaceous  of  Alabama, 
Smith,  E.  A.,  and  Johnson,  L.  C, 

Rejoinder  to  Lawson,  Winchkll,  A. 

Oriskany  drift  near  Washington,  Dis- 
trict of  Colnmbia,  Curtice. 

Sontheastern  Iowa,  Gordon. 

Neozoic  of  southwestern  Arkansas, 
Hill,  R.  T. 

Origin  of  iron  ores  of  Kewatin  in 
Minnesota,  Winchell,  N.  H.  and 

H.y. 


American  Geologist,  yoL  4 — Con  tin  nod. 

Cincinnati  rocks,  history,  Perry. 

Methods  of  stratigraphy  in  studying 
the  Huronian,  Winchell,  N.  \l. 

Jura,  NcHicomian,  and  chalk  of  Arkan- 
sas, Marcou. 

Fence  wall  geology,  Foerstb. 

Origin  of  petroleum,  Am.  Geologist. 

Chemical  origin  of  Vermilion  Lake 
iron  ores.  Van  Hise.  Winchell, 
N.  H.  and  H.  V. 

Geology  of  theMoiitmorenoi,  Jambs. 

Deep  well  at  Nampa,  Idaho,  Wright. 

Shells  in  till  near  Boston,  Upham. 

American  Institute  of  IlCining  En/p- 
neera,  vol.  15. 

Copper  ores  of  the  Southwest,  Wendt. 

Sierra  Mojada,  Mexico,  Chism. 

Animikie,  Duncan  mine.  Lake  Supe- 
rior, COUKTIS. 

Geologic  map  of  Europe,  Fraser. 

Northern  coal  field  of  Pennsylvania, 
Hill,  F.  A. 

Mining  on  Northwestern  Pacific 
coast,  Bowman. 

Silver  mines,Calico,  California,  Lind- 
grrn. 

Southern  cokes  and  iron  ores,  Mc- 
Crbath  and  d^NViLLiERS. 

Ores  of  Chattanooga  district,  Flem- 
ing. 


vol.  16. 


Gold  and  silver  mining  in  Utah,  HoL* 

lister. 
Old  Telegraph  mine,  Utah,  Lavag- 

NINO. 

Sulphur  of  southern  Utah,  Faur. 

Geology  of  Butte,  Montana,  Emmons, 
S.  F. 

Rainbow  lode,  Bntte,  Montana, 
Blake. 

Kaiping  coal  mines,  China,  Kwoxo 
Yung  Kwaxg. 

Region  north  of  Vermilion  Lake  dis- 
trict, Comstock. 

Chapin  iron  mine.  Lake  Superior, 
Lawson. 

Carbonate  iron  ores  of  MisHissippi, 
Brainurd. 

Iron  ores  of  Menomonee  range,  Ful- 
ton. 

Pyrite  in  bituminous  coal,  Brown. 

Red  Mountain  district,  Onray  Coanty, 
ColQiadO)  KuDZlE. 
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Ameiloan  Institnte  of  Mining  Engi- 
neers, ToL  16 — CoDtinaed. 
Western  Kentucky  coals  and  cokes. 

Topography  and  geology  of  the  Cerro 

de  PascOy  Peru,  Hodgbs. 
Geological    history   of    Yellowstone 

Park,  Hague. 
Strnctnral  relations  of  ore  deposits, 

Emmons,  8.  F. 
Western  North  Carolina,  the  Hiawas- 

see  Valley,  Colton. 
Aluminum  ore,  Georgia,  Nichols. 
Petroleum  and  gas  in  New  York,  AsH- 

BURNKR. 

VOL   17. 

Petite  Anse  saltmine,  Pomeroy. 

Gilsonite  from  Uintah  County,  Utah, 
Raymond. 

Glenmore    iron    estate,    Greenbrier 
County,  West  VirgiQi|k,  Page. 

Iron  ores   of  Birmingham   district, 
Brainerd. 

Geology  and  mines  of  Aspen  Moun- 
tain, Colorado,  Heuricu. 

Alabama  coals  in  1887,  Astiburner. 

Gypsum  in  Buffalo,  New  York,  Pohl- 
man. 

Hot  spring  formations  in  Red  Moun- 
tain district,  Colorado,  Comstock. 

Minerals  of  Ontario,  Merritt. 

Life  history  of  Niagara,  Pohlman. 

Northwestern  Colorado  coal  region, 
Hewitt. 

Geology  of  Buffalo,  Asiiburner. 

Rosario  mine  at  San  Juancito,  Hon- 
duras, Leggett. 

Copper  deposits  of  Copper  Basin,  Ari- 
zona, Blake. 

Ore  deposits  of  Black  Hills,  Dakota, 
Carpenter. 

Bernice   coal    basin,    Pennsylvania, 
Claguorn. 
.  Phosphorous    in    Ludington    mine, 
Michigan,  Browne. 

Nickel  ore  of  Logan  County,  Kansas, 
Dewey. 

Ores  of  Tombstone  district,  Arizona, 

GOODALE. 

American  Journal  of  Science,  ▼ol,  33. 
Mnir  glacier,  Wright. 
Cnal  of  Rio  Grande  region,  White, 

C.A. 
Lithopbysn  and  lamination  of  acid 

lavas,  Iodings. 


American  Journal  of  Science,  vol.  33~ 
Continued. 
Latest  volcanic  eruption  in  Califor- 
nia/ DlU^R. 
Texture  of  massive  rocks,  Becker. 
Geology  of  western  Texas,  Hill,  R.  T. 
Volcanic  action,  Dana,  J.  D. 
Norites  of    Cortlandt    series,   WiL- 

UAMa.  G.  H. 
Geology  of  northern  California,  DiL- 

LER. 

Taconic  system,  Walcott. 

Card  to  American  geologists,  Frazer. 

Fluviatile  swamps  of  New  England, 

Shaler. 
Origin  of  mountain   ranges,   Dana, 

J.D. 

Faults  of    southwestern    Virginia, 

SlEVKNSON. 

Taconic  rocks  and  stratigraphy,DANA9 
J.D. 

Irish  esker  drift,  Kinahan. 

Geology  of  Cross  Timbers  of  Texas, 
Hill,  R.  T. 

Holocrystalline  granitic  structure, 
Williams,  G.H. 

Interrelation  of  fossil  faunas  and 
floras.  White,  C.  A. 

Eozonal  rock,  Manhattan  Island, 
Gratacap. 

Terminal  moraines  in  Maine,  Stone. 

Enlargement  of  hornblendes  and  un- 
gites.  Van  Hise. 

Geology  of  Rainy  Lake  region,  Law- 
son. 


▼ol.  34. 


Geology  of  Michipicoten  Bay,  Her- 

rick,  Tight  and  Jones. 
Wappiuger     Valley     limestones, 

DWIGHT. 

Lower  Carboniferous  of  Pennsylvania 

and  Virginia,  Stevenson. 
Deposit  of  glacial  drift.  Hay. 
Well  at  St.  Augustine,  Florida,  Ken- 

NISH. 

Serpentine  of  Syracuse,  New  York, 

Williams,  G.  H. 
Geology  of  Long  Island,  Dana,  J.  D. 
Geology  of  Florida,  Dall. 
Faunaof  **Ui  per  Taconic,  "Walcott 
Is  there  a  Hurouian  group  f  Irving. 
Oviboi  from  loess  of  Iowa,  McGee. 
Explorations  on  west  coast  of  Florida, 

Hkilprik. 
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Amexloaxi  Jcoimal  of  Soienoe,  toL  34 — 

Gontioaed. 

Texas  seotion  of  GretaoeooSy  Hill, 
R.T. 

ADimikoe-yermilion  anconformity, 
Wlncubll,  a. 

Ronnded  bowlders  along  Appalach- 
ian rivers.  White,  I.  G. 

Gounecticut  Lake,  Embrsom, 

Blue  clay,  Farmingham,  Maine,  Rob- 
inson. 

Work  of  International'  Gongress  of 
Geologists,  Gilbert. 

Flora  of  coast  islands  of  California, 
Lk  Conte. 

Vertebrate  fossils  of  Honduras, 
Nason. 

Ward's  flora  of  tbe  Laramie,  Lbs- 

QUBRRUX. 

Arch  bald  pot  hole,  Dana,  J.  D. 

vol.  35. 

History  of  changes  in  Monnt  Loa 

craters,  Dana. 
Devonian  system  in  North  America, 

Williams,  H.  S. 
Fossils  of  Littleton,  New  Hampshire, 

Pumpblly. 
Variation  in  intensity  of  metamor- 

phism,  Dana. 
^Diatomaceoas    earth    in    Nebraska, 

Hicks. 
New  genus  of  Saiiropoda  from  Poto- 
mac formation,  Marsh. 
New  ammonite  and  position  of  Alpine 

Rhffitic,  Clark. 
Three  formations  of  the  Middle  At- 
lantic slope,  McGeb. 
The  Taconio  system  of  Emmons,  and 

use  of  term  Taconic,  Walcott. 
Note  respecting  the  term  Agnotozoio, 

Chambbrlin. 
Fossils  of  Littleton,  New  Hampshire, 

Dana. 
Diorite  dike  at  Forest  of  Dean.  New 

York,  Kemp. 
Spotted  rocks  from    Pige.on   Point, 

Minnesota,  Baylby. 
Terminal  moraines  in  north  Germany, 

Salisbury. 
Gabbros  and  diorites  of  Cortland t 

series,  New  York,  Williams,  G.  H. 
Relations  of  Laramie  group,  White, 

C.A. 
Surface  geology  of  southern  Oregon, 


American  Joumal  of  Science,  'voL  35— 

Continned. 
Nickel  ores  from  Oregon,  Clarke, 

F.W. 
Secondary  enlargement  of  angite  in 
peridot! te  from  Little  Deer  Islet, 
Maine,  Merrill,  G.  P. 

voL  36. 

History  of  the  changes  in  the  Mount 
Loa  craters,  Dana. 

Evidence  of  plants  as  to  age  of  Poto- 
mac formation,  Ward. 

Cambrian  fossils  from  Mount  Ste- 
phen, Canada,  Walcott. 

Origin  of  primary  qnartz  in  basalt, 
Iddings. 

Structure  of  Florida,  Johnson,  L.  C. 

Analysis  of  soil  from  Washington 
Territory,  Schneider. 

Rose  town  extension  of  Cortland  t  se- 
ries, I^EMP. 

Contact  metamorphism  produced  by 
Cortlandt  series,  Williams,  G«  H. 

RhsBtic  plants  from  Honduras,  New- 
berry. 

Brief  history  of  Taconic  ideas,  Dana. 

Pugot  group  of  Washington  Terri- 
tory, White,  C.A. 

On  American  report  of  International 
Congress  of  Geologists,  Powell. 

■  vol.  37. 


\ 


Iron  ores  of  Penokee-Gogebic  series, 

Van  Hisb. 
Halem^nn&u    and    its  debris    cone, 

Dana,J.  D. 
Ascent  of  Mount  Loa,  Merritt,  W.  C. 
Notes  on  Mount  Loa,  Baker. 
Qnartz  -  keratophyre    f  ro  m    Pigeon 

Point,  Bayley. 
Hanksite  in  California,  Hanks. 
Geologic   history  of  Maui  and  Oaha, 

Dana,  J.  D. 
Mouozite  in  rocks,  Derbt. 
Geology   of  Fernando  de  Noronha, 

Branner. 
Restoration    of  Brontops    from    the 

Miocene  of  America,  Marsh. 
Geology  of  Fernando    de  Noronha, 

petrography,  Williams,  G.  H. 
Def>p  troughs  of  oceanic  depressions, 

Dana,  J.  D. 
Opbiolite  of  Warren    County,  New 

York,  Merrill,  G.  P. 
Peridotite  of  Elliott   County,   Ken- 
tucky, Dillsr. 
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Amerioan  Joamal  of  Science,  ▼ol37— 

Coutioued. 
Plants  of  Rhode  Island  coal  measores, 

LKt>QUKKKUX. 

Wuodham  artesian  well,  Long  Island, 

LKWItf. 

Denver  Tertiary  formation,  Cross. 
North  American  Cretaoeons  history  in 

Arkansas-Texas  region,  Hilf^  R.  T. 
Phosphorus     in    Lnddington    mine, 

Michigan,  BitowNR. 
Formation  of  siliceous  sinter  in  ther- 
mal springs,  Weed. 
Shells  in  till  near  Boston,  Upham. 
Strati^raphio  position  of  Olenellns, 

Walcott. 
Carboniferous    flora   and    fanna  in 

Rhode  Island,  Packard. 
Topographic  development  of  Trias  of 

the  Connecticut  yalley,  Davis. 
Peliograpby  of    Sandwich    Islands, 

Dana,  £.  S. 
Field  studies  in  the  Archean  rooks  of 

Minnesota,  Winch  ell,  A. 

VOL  38. 

Leucite  rock  in  Wyoming  Territory, 
Hague. 

Peridotitosof  PikeCounty,  Arkansas, 
Bkanneu.      Bkackett. 

Fishes  aud  plants  from  Trias  of  New 
Jersey  and  Connecticut  yalley, 
Newbekiiy. 

Early  Cretaceods  of  the  Northwest. 
Dawson,  G.  M. 

Porphyrite  in  northwestern  New  Jer- 
sey, Kbmp. 

Lava  flows  aud  intrusi  ves  in  the  New- 
ark system  in  New  Jersey,  Darton. 

Explorations  in  Dutchess  County, 
New  York,  Dwigiit. 

Carboniferous  echinodermata  of  Mis- 
sissippi Basin,  Keyes. 

Grand  Gulf  formation  of  the  Gulf 
States,  Johnson. 

Paragenesis  of  allanite  and  epidote, 
Honns. 

New  locality  of  caniptonite,  Nason. 

Neozoic  geology  of  southwestern 
Arkansas,  Hill,  R.  T. 

Origin  of  normal  faults.  Lb  Contb. 

Classification  of  middle  Cretaceous, 
Eldridge. 

Florida  Miocene,  Langdon. 

Trap  ridges  of  the  East  Haven- Bran- 
ford  region,  Hovey. 


American  Journal  of  Science,  voL38 — 
Continued. 
Lower  Cretaceous  of  the  Sonthwest, 

White,  C.  A. 
Relations  of  Uppermost  Cretaceous  in 
eastern     and     southern      United 
States,  Hill,  R.  T. 
Skull     of     gigantic     Ceratopside, 
Marsh. 

American  Naturalist,  Tol.  21. 

New  Jei-sey  Cretaceous,  Whitfield. 

Taconic  question  restat-ed,  Hunt. 

Warping  of  the  earth's  crust,  Spen- 
cer. 

Formations  of  Belly  River,  Canada, 
Cope. 

Geology  of  Cross  Timbers,  Texas, 
Hill,  R.  T. 

Glaciation  of  Pacific  coast,  Wright. 

Landslide  at  Brantfprd,  Ontario, 
Spencer. 

Age  of  Niagara  River,  Spencer. 

Taconic  Limestones  of  Canaan,  New 
York,  DwiOHT. 

Hummocks  and  bowlders  of  decompo- 
sition in  Missouri,  Spencer. 

Mesozoic  and  Cenozoic  realms  of 
North  America,  Cope. 

Synopsis  of  the  Laramie  flora.  Ward. 

Hill  on  Cretaceous  of  Texas,  Cope. 

Instruction  in  geology,  Williams, 
H.  S.,  Davis. 

International  Congress  of  Geologists, 
Cope. 

Geology  of  Michipicoten  Bay,  Hbr- 
RICK,  Tight  and  Jones. 

Notes  on  classification  and  nomencla- 
ture, WiNCHELL,  N.  H. 

Glacial  flow  in  Iowa,  Webster. 

Gilbert's  address  on  work  of  Geologic 
Congress,  Frazrr. 

Sand  bowlders  in  Missouri  drift, 
Spencbr. 

Materials  of  the  Appalachians,  Clat- 

POLB. 

vol.  22. 

Erosion  in  Illinois,  Scovbll. 

Diameter  of  the  Silurian  island 
about  Cincinnati,  Dennis. 

Vertebrate  faunaof  the  Puerco  epoch. 
Cope. 

Synopsis  of  Rosenbusch  on  classifica- 
tion of  massive  rocks,  Bayley. 

Drift  north  of  Lake  Superior,  Spbn- 
cbr. 
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American  NaturaliBt,  yoL  22— Cout'd. 
Mouutain  uplifts,  Whitk,  C.  A. 
Geolo)<;y  of  Jobuson  Comity,  Iowa, 

Wkbstkk. 
NotoH  on  Kockford  shales,  Webster. 
Ilulst's  Htudies  iu  glacial    geology, 

LiNDAHL. 

Dikes  of  Hudson  River   highlands, 

Kkmp. 
Fauna  of  Permian  in  Texas,  White, 

C.  A. 
Cretaceous     floras     of     northwest 

Can:u1a,  Dawson,  J.  W. 
Drift   and  loess  of  northern  central 

basin  of  Iowa,  Webster. 
Cascade  Mountains  of  Oregon,  Cope. 
Fossils  from  Rookford  shales,  Iowa, 

Websier. 
Surface  geology  of  Burlington,  Iowa, 

Keyes. 
Caves  and  cave  life,  Kingslet. 


▼oL  23. 


Ancient  glaciers    of   North    Wales, 

Evans. 
Permian  of  Texas,  White,  C.  A. 
Remarks  on  occnrrence  of  Macraster 

texanus,  Hili^,  R.  T. 
Validity  of  new  species  from  Texan 

Cretaceous,  Hill,  R.  T. 
Vertebrate  fauna  of  cquus  heds,  Cope. 
Neighborhood  of   Seville,  Logkino- 

TON. 

Occurrence   of    Blacraster    texanus, 
Hill,  R.  T. 

Validity  of  species  from  Cretaceous 
of  Texas,  Hill,  R.  T. 

Canadian  apatite  rocks,  Adams  and 
Lawson. 

Across  the  Santa   Barbara  channel, 
Fawkes. 

Devonian  of  Iowa,  Webster. 

Intermediate  Pliocene  fauna.  Cope. 

Pleistocene  lake  of  Nebraska,  Todd. 

Cretaceous  limestone  near   Clemen- 
town,  New  Jersey,  Woolman. 

Fossil  leaves  from  Arrochar  Station, 
Staten  Island,  Hollick. 

Origin  and  history  of  Great  Lakes  of 
North  America,  Spencer. 

Lavas  of  Sandwich    Islands,   Dana, 
E.  S. 

Bowlder  of  Oriskany  on  Staten  Isl- 
and, Gratacap. 

Cretaceous  near  Grassmere  station,  j 
Staten  Island,  Britton. 


American  Naturaliat,  voL  23 — Cont'd. 

Methods  and  model  in  geographic 
teaching,  Davis. 

Cretaceous  of  southwestern  Blary- 
laud,  Bryan. 

Origiu  of  the  loess,  Campbell. 

American  Association  for  the  Ad- 
vancement of  Science. 

American   Musenm  of  Natural  His- 
tory, Bulletin,  toI.  2. 
Fossils    from    Calciferons   of    Lake 

Champlain,  Whitfield,  R.  P. 
Faunal  resemblance  of  Cretaceous  of 
New    Jersey    and    Gulf    regions, 
Whitfield,  R.  P. 

American  Philoaophical  Society, 
Proc.,  Nob.  124-130. 

Geological  reconnaissance  in  Vir- 
ginia, Stevenson. 

Surface  geology  of  southwest  Vir- 
ginia, Stevenson. 

Human  footprints  from  Nicaragua, 
Brinton. 

Albirupean  formation  in  Maryland, 
Uhler.    Lewis.    Heis^rin. 

Tranaactdona,  voL  16. 

Synopsis    of    vertebrate    fanna    of 

Puerco  series.  Cope. 
Geology  of  Ser^ipe-A1ag6as  basin  of 
Brazil,  Branner. 
Ai^^T,  Henry   M.     On  the  occnrrence  of 
scolithus  in  rocks  of  the  Chazy  forma- 
tion  about  Ottawa,  Ontario. 

Canadian  Record  of  Science,  vol.  2,  pp.  301- 
30«.     1887. 

Doacribea  an  anticlinal  outcrop  of  Chazy 
near  Ottawa,  and  discussefl  eonivalency  of 
•oppoaeil  Obasy  l>eds  at  Biittania. 

The  great  ice  age  and  subsequent 

formations  at  Ottawa,  Ontario. 

Ottawa  Natoralist,  voL  1,  pp.  65-74,  81-88. 
1887. 

Popular  disouaeion.  Deacribea  evidences  of 
glacial  action  about  Ottawa,  the  Leda  clay, 
and  the  Saxicava  suDd. 

Notes  on  and  the  precise  geological 

horizon  of  Siphonotreta  scotica,  Daw- 
son. 

Ottawa  NatoTalist,  toI.  1,  pp.  121-1 26.    1887. 
Describes  the  Utioa  formation  bear  Ottawa. 

Notes  on  fossils  from  the  Utica  for- 
mation at  Point-I^Pic,  Murray  River, 
Murray  Bay  (Quebec),  Canada. 

Canadian  Record  Sci.,  vol.  3,  pp.  101-107. 
1888. 
Brief  reference  to  ocoorrenoe  and  ac*. 
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AMI,  Henry  M. — Cou tinned. 

On   Utica  fossils  from  Rideao,  Ot- 
tawa, Ontario. 

Ottawa  Naturalist,  vol.  1,  pp.  105-169.    1888. 
Description  of  strata  exposed  in  recent  ex* 
cavations.  snd  Hat  of  fossils. 

On  the  occurreuce   of  "  phosphatio 

nodules"  in  theChazy  formation  about 

Ottawa,  Canada. 

Ottawa  Natnralist,  vol.  2,  pp.  45, 46.    1 88a 
In  opposition  to  the  view  that  they  are  fos- 
sil shells. 

[ ]  [Geologic  relations  along  the  Ot- 
tawa below  the  Ridean.] 

Ottawa  Naturalist,  vol.  2,  p.  48,  )  p.    1888. 
Faults  anti  fossils  in  Trenton  and  Chazy 
beds. 

[Geologic  features  in  the  vicinity  of 

the  Government  experimental  farm 
near  Ottawa.] 

Ottawa  Naturalist,  vol.  2,  pp.  71-72.    1888. 

Reforenoe  to  the  identification  of  the  BKock 
River  limestone,  to  the  saperflciiil  depoHits, 
and  to  the  post-Tertiary  history  of  the  region. 

On  the  sequence  of  the  geological 

formations  abont  Ottawa,  with  refer- 
ence to  the  natural  gas  question. 

Ottawa  Naturalist,  vol.  2,  pp.  93-06.     1 888. 

Gives  table  showing  succession,  oh.'^r.icter- 
istics,  fossils,  and  thicknesses  of  the  forma- 
tions. Refers  to  the  occurrence  of  faults  in  the 
region. 

• Contributions  to  the   geology  and 

paleoutologyof  the  townships  of  Knssell 
and  Cambridge,  in  Russell,  Ontario. 
Paleontology. 

Ottawa  Naturalist,  vol.  2,  pp.  139-140.     1889. 
Account  of  relations  and  fossils  of  lower 
Silurian  formations  at  several  localities. 

See,  also,  Woodward  (Henry). 

Appalachia,  toL  5. 

Glaciation  of  mountains  iu  New  Eng- 
land and  New  York,  Upham. 
Ascent  of  CHUiel's  Hump  and  Lincoln 
Mountain,  Vermont,  Upham. 

Archean,  comprising   all  pre* Cambrian 
formations. 
Arizona,  Phmnrx  mine,  Rickktts. 
Copper  basin,  Blake. 
Reymert  lode,  Blauvrlt. 
Ar}ca'n%as^  we«t  central,  COMSTOOK. 

Pike  County,  Brannek. 
California,  Bbckkr.    Goodtsar.    Ire- 

LAN. 

Canada,    Animikie   and    HnroniaD   of 
Lake  Superior,  McKkllkr. 


Archean— Con  ti  n  ned. 

Animikie  at  Duncnn  mine,  Courtis. 
Animikie   in  Thunder  Bay    region, 

Inoall. 
Animikie     slates     and     qnartzites, 

Winch KLL,  N.  H. 
anorthosite  rocks,  Adams. 
At-ta-wa  pish-kat  and  Albany  Rivers, 

Brll. 
Baffin  Land,  Bell.    Boaz. 
Chapiu   iron  mine.  Lake    Superior, 

Larsson. 
classification  of  early  Cambrian  and 

pre-Jambrian,  Irving. 
conglomerates  in  gneisses,   Winch- 

ELL,  A. 

correlation  of  Animikie  and  Huro- 
nian,  Mc Keller. 

diabase  dikes  of  Rainy  Lake,  Law- 
son. 

east  of  Lake  of  the  Woods,  Lawson. 

elements  of  primary  geology,  Hunt. 

Eozoic  and  Paleozoic,  Dawson,  J.  W. 

Eozoon  Canadense,  Dawson,  J.  W., 
Selwyn. 

foliation  and  sedimentation.  Law- 
son.    Winch  ell,  A. 

Huroniau  equivalency  with  Pebidian, 
Hicks. 

Hudson  Bay,  Brll. 

Huroniau  at  Sudbury,  Attwood. 
Bonne Y. 

Huroniau,  original,  WiNOiiBLL,  A. 
WiNCHELL,  N.  n. 

Gastaldi  on  Italian  geology.  Hunt. 

Huronian  system,  Bell.     Relwyn. 

Labrador,  cruise  to  northern,  Pack- 
ard. 

Labrador,  Umgsva  district,  Turner. 
lecture  on  geology.  Ells. 
list  of  papers,  Wjnchell,  N.  H. 
Lake  Winnipeg  to  Hudson  Bay,  Low. 
Manitoba  borings,  Dawbon,  G.  M. 
minerals  of  Qnebec,  Ells. 
Manitoba,   Red    River    valley,    Mc- 

Charles. 
Michipicoten  Bay,  Herrick,  Tight 

and  Jones. 
New    Brunswick,    Bailey  and  Mo- 

Innes.    Matthew. 
northern  part  of  Dominion  of  Canada, 

Dawson,  G.  M.    Richardson. 
Nova  Scotia  gold  veins,  Gilpin. 
Nova  Scotia,  Guysborough,  Antigen 

ish,  and  Piotoa,  Fletcher. 
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Archean — Con  ti  u  ned. 

Nova  ScoMai,  HalifaXy  and  Colchester, 

FIOXKYMAK. 

Nuva  SootiUf  Kiii>;8  County,  HoNKY- 

MAN. 

Outario,  Beaver  iiilne,  Brknt. 

Ontario,  iron  and  other  ores,  Ivies. 

OntariOi  nii^ierals,  Mrrritt. 

Ontario,  roclcs  from,  analyses,  EiOGS. 

Ontario,  shoot  113,  Costb. 

Ottawa,  seqaence  of  formations  about, 
Ami. 

Portions  of  eastern  township  of  Can- 
ada, El.LS. 

recent  dcvelopmont  in  Archean  geol- 
ogy, LvWSON. 

Quebec,  eastern,  Sblwyn. 

reiations  to    Paleozoics   in  Qnehec, 

Lavlammk. 
'  rocks    containing  scapolite,  Adams 
and  Lawson. 

Rainy  Lake  regiod,  Lawson. 

schist  from  Lake  of  the  Woods,  anal- 
yHis,  Adams. 

Sudbury  copper  deposits,  Collins. 

unconformities    of     the    Auiniikie, 
WlXCIIELL,  A. 

Thunder  Bay  silver  mines,  Bbll. 
stratigraphy  of  the  Hurouiau,  Winch- 

kll,  N.  H. 
two  systems  confounded  in  the  Hn- 

ronian,  Sklwyn. 
Yanoouvui-'s  Islaud,  Dawson,  G.  M. 
Colorado,  Aspen,  Brunton.     Emmons. 

S.  F.,  Lakes.     Seviek. 
Coruudum  schist,  Smith,  W.  B. 
Crested  Butte,  Lakes. 
Boulder  County,  Van  Diest. 
Denver  region,  Eldridgb. 
Eagle  County,  Olcott. 
gcolo;;y   of   Colorado    ore    deposits, 

Lakes. 
iron  resources  of  Colo.,  Chauvenet. 
Limdville  region,  Emmons,  S.  F.  Ihl- 

SENG.    Blow. 
Ouray  County,  Kedzib. 
Connecticut,  Taconic  region,  Dana,  J. 

D.    Walcott. 
map  of  vicinity  of  New  York  city, 

Martin. 

mctauiorpliism    near    New    Haven, 
Dana,  J.  D. 
Dakota,     Black     Hills,     Carpenter. 
Crosby. 

•    Idaho t  on  road  to  Atlanta,  Thomson. 


Archean— Cop  t  i  n  uffd. 

Maine,  Bastport  region,  8  ialbr. 
Maryland,     Archean     geology,     Wil- 
liams, G.  H. 
Baltimore  gabbros,  Williams,  G.  II. 
Baltimore  region,  Willi.vms,  G.  H. 
mineralogy,  Williams,  G.H. 
rocks  near  Ilchester,  Hobbs. 
Ma88aehH»ett»,  Bristol  Conuty,  Shalkr. 
geological  recreation  in  central  Mas- 
sachusetts, HONEYMAN. 
Great  Barring  ton,  Jdlikn. 
conglomerates   in   gneisses,   HiTcn* 

COCK. 

Essex  region,  Sears. 

Hampshire  County,  Emerson. 

limestones  of  eastern.  Hunt. 

Nahant,  Lane. 

Taconic  region,  Dana,  J.  D.  Wal- 
cott. 

Salem,  Sears. 
Mexico,  B^a  California,  Lindgrbk. 
Michigan,    classification  of  Cambrian 
and  pro-Cumbrian,  Irving. 

Archenn  of  the  Northwest,  WiNCii- 
BLL,  A. 

correlation  of  Animikie  and  Huro- 
nian,  McKeller. 

gold  field,  Parker. 

granite  and  quartzite  contact  at  Iron- 
wood,  WiNCHBLL,  N.  H. 

granites  of  the  Northwest,  Hall, 
C.W. 

great  primordial  qaartzite,  Winch- 
ell,  N.  H. 

Irving  and  Chamberlin  on  Lake  Su- 
perior sandstones.  Am.  Geologist. 

is  there  a  Huronian  groap  f  Irving. 

list  of  papers,  Wincuell,  N.  H. 

metaniorphism  of  ernpti ves  on  south 
shore  of  Lake  Superior,  Wiij:^ams, 
G.H. 

Menominee  range,  Fulton. 

northwestern,  Winchell,  A. 
WiNCHELL,  N.  H. 

Penokee-Gogebic  iron  ores.  Van  Hisb, 
Irving,  Eng.  akd  Mining  Jour- 
nal. 

report.  Lake  Superior  diviBion  U.  S. 
Geological  Survey,  Irving. 

recent  developments  in  Archean  g^ 
ology,  Lawson. 

Taconic  system,  Miller. 
Minnesota,  Animikie  slate  and  qoarts- 
ite,  WiNCHBLL,  K.  H. 
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Arohean—CoDtiniied. 

Arckean  rocks  of  the  Northwest, 
WlNCUBLL,  A. 

bibliography,  Wincuell,  N.  H. 

ceutral  coon  ties  of,  Upham. 

claasiftcation  of  Caiubrian  and  pre- 
Cambrian,  Irving. 

crystulline  rocks,  Winch  ell,  N.  H.    * 

copper  miuiug,  Hall,  C.  W. 

correlation  of  Animikie  and  Haro- 
nian,  McKkller. 

diabasic  schists  with  Jaspilyte, 
Winchell,  H.  V. 

foliation  and  sedimentation,  Law- 
son,  WlNCIIELI^  A. 

Geological  report,  1886,  Winchell, 
N.H. 

granites  of  the  Northwest,  Hall, 
C.W. 

great  primordial  qnartzite,  Winch- 
ell, N.  H. 

iron  regions,  1888,  Winchell,  H.  V. 

Irving  and  Chamberlin  on  Lake  Sn- 
perior  saudstones,  Am.  Geologist. 

is  there  a  Huroniau  group?  Irving. 

Ludingtoii  mine,  Browne. 

natural  gas  wells,  Winchell,  N.H. 

northern,  Winchell,  N.  H. 

northeastern,  Grant.  Winchell,  A. 
Winchell,  N.  H. 

northwestern,  Winchell,  H.  V. 

norytes  and  g«*l>bros,  Hkrrick, 
Clarke  and  Dkming. 

origin  of  the  Keewatin  ores,  Daw- 
son, G.  M. 

peridotitos,  g^bbroa,  diabases  and 
andesites,  WADi\W0RTn. 

Pigeon  Point,  Bayley,  W.  S. 

report,  Lake  Superior  division, 
Irving. 

Stillwater  well,  Mkadks. 

Taconio  system,  Miller. 

thoughts  on  erujttives,  Winchell, 
N.H. 

nn conformities  of  the  Animikie, 
Winchell,  A. 

Vermilion     Lake    region,     Irving, 
Winchell,  N.  H.,  Winchell,  H. 
v.,  Van  Hisr. 
MtBSOurif  Archean  geology.  Ha  worth. 
Montana^  Butte,  Emmons,  S.  F. 
Nebraska,  well  in  Pawnee  Connty,  Rus- 
sell, F.  W. 
Nevada,  Beckeb. 


Archean— Con  tin  nea. 
NeW'     Hampshire,     conglomerates     in 

gneisses,  Hitchcock.. 
New  Ja'sey,  artesian  wells,  Cook. 

Brittou  on  Arobean,  Raymond. 

crystalline  rocks,  Britton. 
*  geologic  surveys,  Cook. 

map,  C')OK.    Martin. 

Montville  serpentiue,  Merrill,  G.  P. 

plant  from  Jimestoue  of  Sussex 
Connty,  BRinox. 

recent  field  work,  Britton. 
New  Mexico f  Znf\i  plateau,  Dutton. 
New  York,  borings  on  Stateu  Island, 
Britton.    Hollick.  . 

building  stones.  Hall.     Smock. 

contact  metamorphism  in  rocks  ad- 
joining Cortland  t  series,  Williams, 
G.  H. 

Cortlandt  series,  Callaway. 
Harkbr.    Williams,  G.  H. 

dikes  of  Hudson  River  Highlands, 
Kemp. 

diorito  dUce,  Forest  of  Dean,  Kemp. 

distinctive  features  of  New  York  Isl- 
and and  Highland  gneisses,  Mar- 
tin.   Britton. 

Dutchess,  Putnam,  aud  Westchester 
counties,  Smock. 

Eozoonal  rock  on  Manhattan  Island, 
Gratacap. 

gabbros  and  dioritos  of  the  Cort- 
landt series,  Williams,  G.  H. 

geology  of  Staten  Ishind,  Britton. 

Hoboken  serpentine,  Britton. 

kersantite  at  Croton,  Newberry. 

Little  Falls,  Hall. 

map  of  vicinity  of  New  York  city, 
Martin. 

Mohawk  Valloy,  Bekchkr  and  Hall. 

ophiolite,  Mkurill,  G.  P. 

Ronetown  extension  of  Cortlandt 
series,  Kemp. 

well  at  Woodham,  Long  Island, 
Lewis. 

well  at  Woodhavou,  Long>  Island, 
Bryson. 

serpentines  of  Staton   Island,  Brit- 
ton.   Chamberlin.    Gratacap. 
Nomenclature  and  classlficatlonf  classi- 
fication of  the  Cambrian  and  pre- 
Cambr'an,  Irving. 

Archean  of  the  Northwest,  WiNCH- 

BLLy  A. 
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Axcbean — Con  t  i  iined* 

claasification  of  ciystallines  west  of 
LakejSnperiory  Law80X. 

correlation  of  AuiniiLie  and  Iluro- 
nian,  McKeb. 

Ga»taldi  on  Italian  m-ology,  Hunt. 

crystalline  rocks.  Hunt. 

elementa  of  primary  £eu]o);y,  Hunt. 

eqai valency  of  Uurouian  with  Pe- 
bidiaii,  Hicks. 

genetic  bistfjry  of  crystal] inee,  Hunt. 

geological  quest  ions,  Frazkiu 

Frazer  on  subdivisions.  Scibnck. 

Haronian  system  in  Canada,  Bkuu 

relations  of  Canadian  to  European, 
Dawson,  J.  W. 

report  of  subcommittee.  Interna- 
tional Congress  of  Geologists, 
FuASKR  {ei  al. ). 

history  of  name  Hurouian,DANA,  J.  D. 

is  there  a  Hnronian  gronp  f  Ikvino. 

recent  developments  in  Arcbean  ge- 
ology, Lawson. 

respecting   tbe    term    Agnotosoic, 

CHAMDRI'LIN. 

subdivisions  in  the  Nortbwest, 

WlNCHEIX,  A. 
two  systems  confounded  in  the  Hn- 
ronian, WlXCIIELL,  A. 

subdivisions,  Fkazer.  Hunt.  Ir- 
ving.  Lawson.    Winchell,  N.  H. 

stratigrapby    of   the    H  u  r  o  n  i  a  n , 
Winchell,  N.  H. 
North  Uarolinaj  gneiss-dnnytc  contacts 
of  Corundum  Hill,  (Juatard. 

micA  mining,  Phillips. 

residue  from  decay  of  schists  near 
Cary,  analysis,  Rioos. 

Kings  Mountain  region,  Furman. 
Van  Ness. 

western,  Bkitton. 
Oregon^  western,  Lano. 
Pennaylvaniaf   four    great    sandstones, 
Claypolk. 

materials  of  tbe  Appalachians,  Clay- 
pole. 

Raduot  Township,  Delaware  County, 
Rand. 

rocks  of  Pbiladelphia  and  New  York, 
Rand. 

serpen  tines  of  southeastern,  Chester. 
Rhode    Island,    Hitchcock.      Provi- 
dence Franklin  Society. 
South  America^  Sergipe-Alago&s  Basin, 
Brazil,  Brannbu. 


'  Archean— Cun1iunc«l. 

Monazite  in  rocks,  Brazil,  Derby. 
South    Carolima,    contact    phenomena, 

Richards. 
Teaaetaee,  Doe  River  gorge,  Brittox. 
Texas,  Habrod.    Hill,  R.  T.    Jbrmy. 

Strbbruwitz. 
Ut^k,  Uinta  Monntain   region,  TThitb, 

C.A. 
Venuomt,  CaroeFs  Hamp  and  Lincoln 
Mountain,  Upham. 

conglomerated   in    gneisses,  Hitch- 
cock. 
Virginia,  Balcony  Falls,  Brixton. 
WiseottsiH,  Auimikie  slate  and  quartz- 
ites,  Winchell,  N.  H. 

Arcbean  of  the  Northwest,  Winch- 
bll.  a. 

classification  of  Cambrian  and  pro- 
Cambrian,  Irving. 

granites  of  the  Northwest,  Hall, 
C.  W. 

Irving  and  Chnml>erlin  on  Lake 
Superior  sandstones.  Am.  Geolo- 
gist. 

is  tbcre  a  Huronian  group  f  Irving. 

list  of  papers,  Winchell,  N.  H. 

Penokee  gap,  Winchkll,  A. 

Penokee-Gogebic  iron  ores,  '^an 
HiSB.  Irving.  £no.  and  Mining 
Journal. 

report,  Lake  Superior  division,  U.  S. 
Geological  Survey,  Irving. 

rocks  from  Penokee  iron  range,  anal- 
yses, Riggs. 

Taconic  system,  Miller. 

Wyoming,  report  of  Territorial  Geolo- 
gist, RiCKifrrs. 
Arisona,   andesite  from   San  Francisco 
Mountain,  analysis,  Chatard. 

copper  ores  near  Moreoci,  Henrich. 

copper  deposits  of  the  Copper  Basin, 
Blake. 

Clifton,  Globe,  and  Bisbee  mining 
districts,  Wendt. 

ores  of  Tombstone,  Goodai^b. 

Phoenix  mine,  Ricketts. 

primary  quartz  in  basalts,  iDDfVGS. 

Reymert  lode,  Blauvelt. 

Arkansas,  coal,  Ashburner.  Wins- 
low. 

age  of  crystalline  rocks,  Brannbr. 

Jura,  Neocomian  and  chalk,  Marcou. 

geology  of  west  central,  Bbannbr. 
Comstock. 
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Arkanflas— Col  tinned. 

northern  limit  of  Mesozoio,  Hay, 
O.P. 

northern  limit  of  Mesozoio  in  Arkan- 
sas, Hat. 

peridotito,  Pike  County,  Brannkr. 

Portland  cement,  Bhannbr. 

relations  of  upper  Cretaceons  In  the 
United  States,  Hill,  K.  T. 

Tertiaries,  Hiloakd. 

Trinity  formation,  Hill,R.  T. 

zinc  mining,  Eno.  and  Mixing  Jour. 

Arkanaaa  Geological  Survey,  Report 
for  1888,  voL  1. 

Introduction,  13ranner. 
Geology  of  western  central  Arkansas, 
Com  STOCK. 


voL2. 


Neozoic  of  southwestern   Arkansas, 
Hill.  R.  T. 

Manufacture    of  Portland   cement, 

Branner. 
—  vol.  3. 


Coal  regions  of  Arkansas,  Winslow. 

ASHBURNER,  Charles  A.  Geologic 
distribution  of  natural  gas  in  the 
United  States. 

Eng.  and  Mining  Jour.,  vol.  48,  pi».  88-39, 

68-60,76-77.     1887. 

From  Am.  lust  Min.  En^..  Trans.,  1888,  and 
describtMlin  the  bibUog:r»phy  for  1886. 

Petroleum  and  natural  gas  in  New 

York. 

Am.  Inct.  Mining  Engineers,  Trans.,  voL 
16,  pp.  M)6-059, 3  plKtes.   1889. 

Geolo^io  relatious ;  variations  in  thickness 
of  npper  Devonian  in  Ne\r  York  and  Penn. 
sylvania ;  i^tratigrsiphlc,  structural ,  and  lith> 
ologio  conditions  attending  the  occurrenoe  of 
gas  and  oil;  records  of  drillings  in  Aliegany, 
Tompkins,  Wayne,  Ontario,  Albany,  and 
Greene  conntie.9,  and  at  Buffalo,  Fredonia, 
TJtlca,  Oswego  and  Onondaga ;  discussion  of 
identity  and  strati  graphic  relatious  of  forma- 
tions pierced  and  horizon  of  oil  and  gas-bearing 
beds  in  Pnnnsy  Ivania ;  description  of  sections 
from  liuTcUij,  Pennsylvania,  to  Ontario,  Can- 
ada,  and  of  the  Gatskili  Mountain  region; 
chart  showing  diviMions  aud  thicknesses  of 
Paleozoic  members  in  New  York,  Pennsyl- 
vania, and  Ohio,  accompanied  by  a  colored 
geologic  map  uf  northern  Pennsylvania  and 
the  southern  half  of  New  York,  and  oolomnar  ' 


ASHBURNER,  Chas.  A.— Continued, 
sections  showing  relative  positions  of  the  oil 
aud  gas  sands   between    Allegany  County, 
New  York,  and  Washington  County,  Penn- 
sylvania. 

Coal. 

17.  8.  GeoL  Surrey,  Mineral  Resonrces, 
1887,  pp.  168-382.    1888. 

Includes  references  to  thickness,  position, 
and  extent  of  coal  beds  in  Alabama,  Arkansas, 
Caliroinia. Colorado,  Dakota,  Georgia,  Illinois, 
Indiana,  Indian  Territory,  Iowa,  Kansas,  Ken- 
tucky, Maryland.  Michigan,  Missouri,  Ne- 
braska, New  Mexico,  North  Carolina,  Ohio, 
Oregon,  Pennsylvania.  Aho«lD  Island,  Tennes- 
see, Texas,  Utah,  Virginia,  «f  ashinglon  Terri- 
tory, West  Virginia,  and  Wyoming  Territory. 

[Natural  gas  in  New  York.] 

17.  S.  GeoL  Surrey,  Mineral  Resonrcea, 
1887,  pp.  474-479.   1888. 

Abstract  from  Am.  Manufacturer,  Natural 
gas  supplement,  1888. 

Tbe  development  and  statistics   of 

the  Alabama  coal  fields  for  18-^. 

Am.  Inst'  Mining  Engineers,  Trans.,  vol. 
17,  pp.  2U6-226.    1889. 

Includes  statements  respecting  thickness 
and  characteristics  of  the  coal  beds  at  various 
localities. 

The  geology  of  Buffalo,  as  related  to 

natural  gas  explorations  along  the  Ni- 
agara River. 

Am.  Inst.  Mining  Engineers,  Trans.,  voL 
17,  pp.  398-406.    1889. 

Discussion  of  stratigraphy  of  the  region  in 
the  light  of  recent  deep  well  borings. 

Asia,  Syria,  and  Palestine,  Post. 

[AT'WOOD,  G.].    [The  Hnronian  rocks 
at  Sudbury,  on  Lake  Huron.] 

GeoL  Soc.,  Quart.  Jour.,  voL44,  p.  838,  i  p. 
1888. 

Kcference  to  their  nature  and  the  relations 
of  the  diorites. 

ATWOOD,  Melville.    Lithology  of  wall 

rocks. 

Oalifomia,  Eighth  Report  of  State  Mineralo- 
gist, pp.  771-784,  pis.     1888. 

In  greater  part  a  discussion  of  occurrence 
of  gold  adjacent  to  dikes  and  description  of 
gold  deposits;  includes  a  description  of  the 
diabase  dike  at  the  Keystone  mine,  Amador 
County,  and  the  diubnse  dike  at  the  Eureka, 
Idaho,  and  Maryland  mines  in  Nevada 
County. 
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BAILE7,  E.  H.  S.  On  the  newly  dis- 
covered Bait  beds  in  Ellsworth  Coanty, 

Kansas  Acad.  Sci.,  Trans.,  voL  11.  pp.  ft-10. 
1889. 

Abstracts,  Am.  G-eologist,  vol.  5,  p.  250,  6 
lines,  1890;  Am.  Jonr.  Sci.,  3 J  series,  vol.  39, 
p.  4 13, 6  lines,  1890. 

Inclndes  record  of  730- foot  bore  bole  at  Blls- 
worth. 

— —  The  composition  of  Kansas  coals. 

Kansas  Acad.  Sci.,  Trans.,  vol.  11,  pp.  40-40. 
1889. 

Includes  brief  statement  in  regard  to  thick* 
nesA,  distribntion,  and  dip  of  the  Cherokee 
bed. 

BAILE7,  L.  W.  Notes  on  the  pbysi- 
ograpliy  and  geology  of  Aroostook 
County,  Maine. 

Canadian  Beoord  of  Science,  voL  2,  p.  430,  | 
p.  1887. 

Brief  abstract  of  paper  read  at  sixth  meet* 
ing  of  the  Royal  Society  of  Canada;  sn- 
noQDceA  the  probable  Siliir'an  age  of  some 
roclcs  on  the  Aroostook,  funiterly  considered 
Devonian. 

—  On  the  Silnrian  system  of  northern 
Maine,  New  Branswick,  and  Quebec. 

Canada,  Royal  Soc.,  Trans.,  voL  4,  see.  lY, 
pp.  35-41, 4°.    1887. 

KeviewH  fnrnieropinions,  describes  the  rela- 
tions, and  discusses  age,  equivalency,  and  ex- 
tent of  the ''Silurian  and  Cambro-Silurian,'* 
as  exposed  in  the  Fish  Biver  Lake  region  In 
nortlierti  Maine  (as  described  by  Packard), 
and  the  Beccaguimic  and  Temiscouta  re- 
gions. 

'^—  Notes  on  the  physiography  and  ge- 
ology of  Aroostook  Couuty,  Maine. 

Canada,  Boy.  Soc,  Trans.,  voL  5,  sec.  it,  pp. 
3^-41. 40.     18f8. 

Dencriplion  of  Upper  Silnri^  beds  occupy, 
ing  part  ufarva  formerly  mapped  as  Devonian. 

-^— *  On  some  relations  between  the  ge- 
ology of  Maine  and  New  Branswick. 

Canadian  Record  Science,  vol.  3,  pp.  106, 
160.  1888.  Abstract  of  paper  rearl  to  Royal 
Society  of  Canaila. 

Descriptiou  of  paper;  inclndes  reference  to 
age  of  ^ates  and  granites  which  traverse 
cential  Nevir  Brunswick  and  pass  into  Maine 
alung  the  Sc  Croix  Kiver,  and  the  Silurian 
age  of  certain  rocks  of  Aroostook  County. 

and  McINNES,   W.      Report  on 

explorations  in  portions  of  the  counties 
of  Victoria,  Northamberland,  and  £es- 


BAII.E7,  L.  W.,  and  McINNSa  W.- 

Continued. 

tigoaohe,  New  Brunswick,  to  accom- 
pany qnarter-sheet  map  S,  NW. 

Canada,  Gtool.  and  Vat.  Hist.  Survey,  Re- 
port, 1880,  part  K.  p.  19,  map  7  in  atlasi     1887. 

Abstracts,  ibid.,  part  A,  pp.  88^10;  GeoL 
Magasine,  lU,  voL  6,  pp.  135-138,  ^  p.    1889. 

Description  of  distribation,  artitude,  and 
characteristics  and  diHcnssion  of  relations  of 
Lower  Cambrian,  Silurian,  Cambro-Silnrian, 
pre-Cambrian,  and  granitic  and  volcanic  for 
matioos.  Accompanied  by  a  colored  geologic 
map. 

BAIN,  F.  On  a  Permian  moraine  in 
Prince  Edward  Island. 

Canadian  Record  of  Science,  vol.  2,  pp.  341- 
843.   1887. 

Describes  a  mass  of  unassorted,  drift-like 
material  in  the  Permian  at  a  locality  where  it 
is  overlappetl  by  the  Triaa.  Discuaeea  rela* 
tion  of  Trias  and  Permian,  and  the  climatic 
conditions  of  the  Permian  period. 

BAKER,  £.  P.    Notes  on'Monnt  Loa. 

Am.  Jonr.  Sci.,  3d  series,  voL  37,  pp.  62-53. 
1889. 

Accounts  of  various  features  of  the  craters 
and  lava  flows. 

B  ARRIS,  W.  II.    A  defense  of  our  local 

geology. 

Davenport  Acad.  Sci.,  Proc.,  vol.  5,  part  1, 
pp.  15-22.     1889. 
^      Review  of  A.  S.  Tiffany  on  the  "  Geology  of 
Scott  Couuty,  Iowa,  and  Book  laland  County, 
Illinois,"  1885.    Paloontologic. 

BASHORZ:,  Harvey  B.  The  Cham- 
plain  period  in  the  Susquehanna  Val- 
ley. 

Science,  vol.  14,  p.  340,  i  col.    1889. 
Description  of  relalious  of  drift  at  Harris- 
burg. 

BARTON,  G.  H.    Great  dike  at  Para- 
dise, near  Newport,  Rhode  laland. 
See   Crosby,   W.    O.,  and  Barton, 
G.H. 

BA7LE7,  W.  S.  On  some  pecaliarly 
spotted  rooks  from  Pigeon  Point,  Min- 
nesota. 

Am.  Jonr.  Sci.,  3d  series,  vol.  35,  pp.  388^393L 
1888. 

Abstract,  Nature,  vol.  38,  p.  91.  6  lines. 
1888. 

Description  of  occurrence  and  petrography 
of  the  spotted  quartzite  and  of  the  geologic  re- 
lations of  the  associated  rooks,  and  diaeuasioB 
of  the  nature  and  origin  of  the  spots. 
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",  W.  S.— Coutiiineil. 

—  Synopsis  of  Ro<^enbnsch*s  new 
Rcheme  for  the  classification  of  massive 
rockB. 

Am.  Natnralist,  vol.  22,  pp.  207-217,295-305. 
16S8. 

—  A  qnartz-keratophyre  from  Pigeon 


Point,  and  Irvini^'s  aagite-syenites. 

Axn.  Jour.  Soi.,  3d  aeries,  voi  37,  pp.  54-63. 
1880. 

Abstract,  Nature,  rol.  89,  p.  810,  11  linee. 
1889. 

Mainly  potrof^raphio.  Brief  discnssion  of 
hietory,  relation  a,  and  identity  of  the  various 
masses.    Analyses. 

BE ACHLE  R,  Charles  S.    Keokuk  groa  p 
at  Craw  fords  vi  He,  Indiana. 

Am.  Oeologlst,  vol.  2,  pp.  407-413.    1888. 
Thickness,  stratigraphy,  origin,  disappear- 
ance eastward,  fossils. 

Notice  of  some  new  and  remarkable 


forms  of  Crinoidea  from  the  Niagara 
limestone  at  St.  Paul,  Decatur  County, 
Indiana. 

Am.  Geologist,  vol.  4,  pp.  102-103.    1889. 
Includes  reference  to  some  of  the  relations 
of  tho  beds  in  which  (hey  occar. 

BECHDOLT,  A.  F.    Notes  on  the  local 
geology  of  Mankato. 

Minnesota  Acad.  Soi.,  Bull.,  voL  3,  part  1, 
pp.  58-03.     18F9. 

A  preglacial  river  channel  and  its  history, 
ago,  oii;;in,  relationsi,  and  charactcristiod  of 
some  clay  deposits  formerly  thought  to  be 
Cretaceous. 

BECKER,  George  F.    Report     •    •    • 
divi.HJou  of  the  Pacific.    * 

17.  S.  Oeol.  Survey,  Sixth  Annual  Bepori, 
1884-'85,  pp.  67-70.     1885. 

DiscasMcs  tho  a?e  and  time  of  uplift  of  the 
Co.int  Range  formations,  and  the  equivalency 
of  the  nucella  beds. 

— -  The  Washoe  rocks. 

Oallfomia  Acad.  Sci.,  Bull.,  vol.  2,  pp.  93- 
120.     IFSa. 

Abetr.ictH,  Am.  Jour.  Soi.,  3d  series,  vol.  33, 
pp.  73-76.     1887. 

American  Naturalist,  vol.  22,  pp.  639-640, 
ip.     188a 

Described  in  the  1886  bibliography. 

The  texUire  of  massive  rocks. 

Am.  Jour.  ScL,  3d  aeries,  toI.  33,  pp.  50-58. 
1887. 

Ab!«tract,  Popular  Science  Monthly,  vol.  81. 
pp.  425-426.     1887. 

Dim:  'Pdes  the  relation  of  texture  to  igneoas 
fo^Ha  to  tho  Qouditiops  under  which  they 


BECKER,  George  F.— Continued. 

were  cooled;  the  development  of  granular 
and  porphyritio  structure  and  ite  difference 
from  the  relation  of  glassy  to  devitiified  rocks; 
the  crystallization  of  minerals  in  solidifying 
rock  magma ;  the  differences  in  mode  of  crys> 
tallization  in  metaroorphic  and  eruptive  rocks ; 
the  relations  of  granular  to  poriihyritio  struc- 
ture in  the  Mount  Davidson  diorites,  and  the 
influenoe  of  pressure  on  plasticity  and  fluid- 
ity. Restates  his  conclusions  in  regard  to  the 
disputed  age  and  relations  of  the  Washoe 
rocks. 

Geology  of  the  quicksilver  deposits 


of  the  Pacific  slope. 

17.  S.  Geol.  Survey,  Monograph,  No.  13,  4P, 
xix,  486  pages,  7  plates ;  atlaa  of  14  sheets,  folio. 
Washington.    1888. 

Abstracts,  Am.  Geologist,  vol.  5,  pp.  178- 
180,  1800;  Am.  Naturalist,  voL  24,  pp.  850-^1, 
1800;  Am.  Jour.  Sci.,  3d  series,  vol.  39,  pp. 
68-60,  1890;  Eng.  and  Mining  Jour.,  vol.  49, 
pp.  137-138, 1800. 

Description  of  the  characteristics  of  the  un- 
idtercd  and  the  metamorphosed  sediments  and 
the  massive  rocks  and  synopsis  and  discurtsion 
of  the  stratigraphy,  general  geologic  rela- 
tions, taxonomy  and  geologic  history  of  Cali- 
fornia formations,  especially  in  the  Coast 
Ranges ;  dotaileil  descriptions  and  discussions 
of  the  relations  in  each  of  the  principal  quick- 
silver districts  in  California  and  at  Steamboat 
Springs,  Nevada,  And.  references  to  various 
•  oth^  American  and  foreien  localities.  Dis- 
cussion of  history,  date,  results,  and  condi- 
tions affecting  metamorphism  in  the  region; 
origin  of  serpentines,  the  nodule.H  in  the  sand- 
stones, and  the  massive  rooks ;  relations  of 
the  volcanics  in  general  and  in  the  several 
districts;  the  geologic  relations,  associations, 
and  genesis  of  the  ores,  and  the  nature  and 
nomenclature  of  ore  veins,  and  the  genesis  uf 
ores  in  general.  Accompanied  by  colored 
geologic  maps. 

—  Report,  California  division   of  ge- 
ology. 

U.  S.  Geol.  Survey,  Seventh  Report,  J.  W. 
Powell,  1885-'80,  pp.  03-97.     1888. 

References  to  the  diaitaHo  pebbles  in  the 
conglomerate  and  tho  relative  ages  of  the 
andesites  at  Steamboat  Springs,  Nevada; 
tho  occurrence  of  a  dike  of  rhyolite  at  New 
Almadeu  and  Guadaloope ;  reexamination  of 
Washoe  diabase,  andesites,  and  quartz  por- 
phyry; the  relations  of  the  early  and  the 
late  Cretnceoos  of  the  Coast  Ranges,  the 
identity  of  the  older  strata  of  the  Coast 
Ranges  with  the  fossiiiferons  rocks  at  the 
southern  end  of  the  gold  l>elt  in  the  Sierra 
Nevad.i,  and  the  age  and  history  of  the  Chico 
and  T6Jon  series ;  the  Cretaceous  metaraur- 
phics ;  the  shape  of  vnlranie  cones  ;  mechan- 
toal  conditions  of  faulting,  and  the  ago  end 
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BECKER,  George  F.— Con  tinned. 

oontemporanelty  of  th«  1av»  on  th«  west  aide 
of  Clear  Lake  with  that  of  liuaot  Sbasta. 

BEECHBil,  Charlen  E.  A  Npiral  bivalve 
shell  from  the  Waverly  group  of  Penn- 
sylvania. 

New  York,  Thirty-ninth  Beport  State  Mn- 
aenm  of  Nat.  Hist..  1885,  pp.  161-163,  plate. 
1W«. 

DeAcribes  the  Waverly  rocks  of  northwest- 
ern PcniisylvjiDia,  whore  they  are  (greatly  at- 
tenoated  and  present  evidence  of  near  shore 
deposition. 

[ and  HAIiL,  C.  E.  ?].     Field  noteH 

on  the  geology  of  the  Mohawk  Valley. 

New  York,  Fifth  Report  of  the  State  Geolo- 
gist, 1885,  pp.  g-IO,  map.    1887. 

Describes  a  series  of  i«ults  and  the  rela- 
tions of  the  crystalline  to  the  overlyin je  rocks. 
Accompanied  by  a  folded,  partly  colored 
geolo};ic  map. 

[ HALL,  J.  W.  and  HALL,  C.  E.T]. 

Note  on  *tbe  Ooeonta  sandstone  in  the 
yicinity  of  Oxford,  Chenango  Coauty, 
New  York. 

New  York,  Fifth  Report  of  the  State  Geolo- 
gist, 1885,  p.  11.    1887. 

Describe  occarreuce  of  fossils  and  discntis 
the  horizon  of  the  sandstones. 

BELL,  Robert.  Marble  Island  and  the 
northwest  coast  of  Hudson's  B%y.   • 

Canadian  Inst.,  Proc.,  3d  series,  vol. 4,  pp. 
192-20i.  2  plates.     1887. 

A.b9tract.  Scottish  Geog.  Mag.,  voL  3,  p. 
321,  i  p.    1887. 

Describes  ^apposed  Hnronian  qnartzite,  gbt- 
elation,  and  ancient  bcache.'i  on  the  island  and 
in  its  vicinity,  and  a  series  of  rock  specimens, 
supposed  to  be  Huronian,  from  the  coast  of 
the  bay.  Discasites  tlie  direction  of  glacial 
flow  in  the  Hudson's  Bay  region. 

On  some  points  in  reference  to  ice 

phenomena. 

Canada,  Royal  Soc,  Trans.,  vol.  4,  section 
III,  )ip.  85-91.     4°.     1887. 

DiHcuKsea  the  trauH  portation  of  d6bris  by 
icebergs,  field  ice, and  anchor  ice;  the  forma- 
tion of  bowlder  riw^n  around  pondn,  and  the 
occnrrenco  of  dikes  of  l>otir]dor8  and  shingle 
on  the  shores  of  islands  and  puiuts. 

Rock  specimens  from  Cumberland 

Sound,  Bath  11  Land. 

Science,  vol.  10,  p.  287.    1887. 

Gnei»!<c»,  limestono,  graphite,  and  quarts, 
which  are  considered  representatives  of  Lau- 
rcntian.  similar  to  that  on  tho  north  side  of 
Hudson  Strait  and  the  lower  Ottawa  Valley. 

The  iiilver  mines  of  [Thunder  Bay, 

Lake  Superior. 


BELL..  Robert— Con  tinned. 

Eng.  and  Mining  Jonr.,  toL  43.  pp.  23,  4% 

1887. 
Sttitement  of  geologic  relations. 

The  Hnronian  system  of  Canada. 

Am  Geologist,  vol.  2.  p.  361,  i  p.    18H8. 

Alisirat^t  of  paper  read  to  Royal  Society  of 
Canada.    1888. 

Dis4;u8sion  of  the  indivi»ibility  of  the  Hu- 
ronian. 

Report  on  an  exploration  of  portions 

of  the  At-t.i-wa-pish-kat  and    Albany 
Rivers,  Lonely  Lake  to  James'  Bav. 

Canada.  Geol  and  Nat.  Hist.  Surrey,  Re. 
port  1886.  part  G,  p.  38.  plates.     1887. 

Almtnicis.  ibid.^  part  A,  pp.  22-26.  GeoL 
Magazine,  lll,  rol.  6.  p.  134.  §  p.     1889L 

Includc<«  references  to  distribution,  chano- 
ters,  and  relations  of  crystaUine  rocks ;  fos- 
niliferous  Devonian,  Silurian,  and  drifts; 
list  of  directions  of  glacial  striie;  brief  dis- 
cussion of  extent  of  Paleozoic  rooks,  the 
absence  of^  Carboniferous,  and  the  scarce  uf 
the  drift. 

The  petrolenm  field  of  Ontario. 

Canada,  Roy.  Soc.,  Trans  ,  toL  6,  seotion 
IV.  pp.  101-113,40.     I«f8. 

Discussion  of  the  cunditions  affecting  the 
occurrence  uf  petroleum,  the  extension  of  tho 
Cincinnati  anticlinal  iu  Canada  and  its  his 
tory,  and  the  structure  of  the  Ontario  region. 

The   ori^^in   of  some    geographical 

features  iu  Canada. 

Canadian  Record  Sci.,  voL  3.  pp.  Ifi3-l6S. 
18^8. 

Abstract,  Popnlar  Science  Monthly,  vol.  3S, 
pp.  42*.'.  423,  i  p.     1889. 

Reviewed  by  A.  T.  Drummond,  Canadian 
Record  of  Soience,  voL  3,  pp.  142-147.     18)^8 

Abstract  of  paper  read  to  Royal  Society  of 
Cauada. 

Discussion  of  the  origin  of  the  lake  basins, 
large  and  small,  and  of  certain  river  channels. 

Presidential  address:  The  Hnronian 


system  in  Canada. 

Canada,  Royal  Soc  ,  Trana.,  vol.  6^  seotion 
IV,  pp.  3-13.     18«0. 

A  general  dis^cussiun  of  tho  characteristics, 
relations,  stratigraphy,  distribution,  and  clas- 
sification of  the  Huronian. 

On  the  Archean.     See   PRAZBR. 

Report  on  Archean. 

Bermudaa,    origin    of     present    form, 
Fewkes.    Heilprin. 

BIDDLB,  H.  J.     Notes  on  the  surface 
geology  of  southern  Oregon. 

Am.  Jour.  Sci. ,  8d  series,  voL  89,  pp.  475-I8S. 

IS88. 
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BIDDLE,  H.  J.— Coutinnod. 

Inolndentlescri  ptlnnA  of  ancient  lake  bearhes 
and  deposits,  includinji  a  yolcanio  aeh  bed, 
and  discauion  of  the  Quaternary  history  of 
the  lakes  of  the  region. 

BISHOP,  Irving  P.    Salt  wells  of  west- 
ern New  York. 

Kew  York,  Fifth  Report  of  the  State  Q-eolo- 
gist,  1885,  pp.  1^47.     liBI. 

Gives  a  series  of  well  records ;  discusses  the 
oxiont,  horizon,  and  ori<;ln  of  the  salt  de|>osits.  \ 

BLAKE,  William  P.    Iron  ore  deposits 
of  southern  Utah. 

Am.  Inst.  Mining  Engineers,  Trans.,  vol. 
14,  pp.  feOd-^Il.    1886. 

Brief  reference  to  nature  of  associated 
formations. 

The  rainbow  lode,  Butte  City,  Mon- 
tana. 

Ana.  Inst.  Mining  Engineers,  Trans.,  vol. 
ie,pp.C&-80.    1887. 

Cescrii>es  the  granite  and  its  oonatitueuts, 
the  trachyte  or  porphyry  outburst  of  the 
**  Butte,"  and  the  ohnr.icter,  course,  faults, 
variations,  sbdmineralfl of  the  lode  ;  discusses 
vein  formation  and  rock  decomposition. 

— ]  [On  the  use    of   the  term   '*Ta- 


C 


conic."] 

Intematlonal  Oongress  of  Geologists,  Aul 
Committee  Report,  1888,  B,  p.  17, 2  lines. 
Am.  Geologist,  vol.  2,  p.  207.    1888. 
Suggestion  in  regard  to  its  application. 

—  The  copper  deposits  of  the  Copper 
Basin,  Arizona,  and  their  origin. 

Am.  Inst  Mining  Engineers,  Trans.,  vol. 
17,  pp.  479-485.     1889. 

Includes  a  brief  desctiption  of  the  goolugic 
relations. 

On  the  Arohean.     See  FRAZER, 


Report  on  Archeau. 

BIiAXrVELT,  Harrington.  The  Rey- 
mert  manganiferous  lode,  Arizona,  and 
its  formations. 

Eng.  and  Mining  Jonr. ,  vol.  47,  pp.  139-140. 
1889. 

Prefaced  by  a  brief  description  of  geologic 
relations. 

BOAS,  Franz.  The  geography  and  ge- 
ology of  Baffin  Land. 

Canada,  Royal  Soc,  Trans.,  vol.  5,  section 
IV,  pp.  75-78,40.    1888, 

Brief  reference  to  geologic  formations  and 
evidences  of  glaciation. 

BOLTON,  H.  C.  Not«s  on  the  great 
salt  deposits  of  Petite  Anse,  Louisiana. 
[Abstract.] 


BOLTON,  H.  C— ContiDued. 

New  York  Acad.  Sci.,  Trans. ,  vol.  7,  pp.  122- 
127.    1888. 

Sci.  Am.  Snpt ,  voL  26,  pp.  10475, 10470,  No. 
656.     1888. 

Brief  description  of  deposil  and  wnrkitij^s ; 
quotes  annlyHCs  and  Hilgard  and  GoesRiuanu 
on  the  age  and  origin,  and  discusses  relations 
of  underlying  sandstones  and  lignites. 

BONJTET,  T.  G.  Notes  on  a  part  of 
the  Huronian  series  in  the  neighborhood 
of  Sudbury  (Canada). 

Geol.  Soc,  Quart.  Jonr.,  vol.  44,  pp.  32-44. 
1888. 

Review  by  Alexander  Wiuchell,  Am.  Geolo- 
gist, vol.  3,  )>p.  212-214.     lKtf9. 

Petro^i'aphic  description,  mainly,  and  dis- 
cussion of  their  nature,  ori<;in,  history',  A«:e, 
and  relations  to  the  Laurcntiau.  Ruferuuce 
to  some  structural  relutious. 

See  also  SPENCER,  James. 

Boston  Society  of  Natural  History, 
Memoirs,  voL  4. 
Taconic  of  Georgia   and  report    on 
geology  of  Verijioiit,  Makcou. 

Proceedings,  vol.  23. 

Origin  or(llvi8ioii«)  between  layers  of 
Btratiiied  rocks,  Shalku. 

Antiquity  of  man  in  valley  of  the  Del- 
aware, Abbott. 

Age  of  Ohio  ^jiavel  beds,  Wkigmt. 

liecession  of  ico  sheet  in  Miuue^ota, 
Upham. 

Geology  of  outer  islands  of  Boston 
Harbor,  Crosby. 

Geology  of  the  Black  Hills  of  Dakota, 
Crosby. 

Origin  of  present  form  of  the  Bermu- 
das, Fewkks. 

Dikes  at  Paradise,  Crosby  and  Bar- 
ton. 

Origin  of  Trias  monoclinals,  Davis, 
W.H. 

Use  of  name  Taconic,  Marcou. 

vol.  24. 


Evolution  of  faunas  of   the  Lower 

Lias,  Hyatt. 
Date  of  report  on  geology  of  Vermont, 

Hitchcock,  Makcou. 
Geology  of  N  ah  ant,  Lane. 
Marine  shells  in    till  near  Boston, 

Upham. 
Early  man  in  Delaware  Valley,  Chsi*- 

SON. 

Chipped  implement  in  drift,  Jackson 
Coanty,  Indiana,  Crbsson. 
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Boston  £k>ciety  of  Natural  History, 
Proceedings^  voL  24 — ContiDaed. 
Age    of   Philadelphia    red    grayel, 

Wright. 
Canadian  g<M>1ogio  claasiftcation  for 

Quebec,  Marcou. 
Pot  holes  aiCohasaet,  Bonv^,  Upham . 
8t  rue  to  re  af  dmmlins,  Upham. 
Horizon   of    limestone    at   Nabant, 

FOKRSTE. 

Clinton  fossils  from  Indiana,  Tennes- 
see, and  Georgia,  Fobrstb. 

BOXHTE,  T.  T.  Indian  pot  holes  or 
giants'  kettles  of  foreign  writers. 

Boston  8oc.  Hat  Hist.  Proc,  toL  24.  pp. 
218-226.    1R». 

Description  and  figures  of  pot  boles  on  the 
ooasfe  at  Cohaaset  and  discnasion  of  their 
origin. 

BO'WURB,  Stephen.    Ventura  County. 

Oaliforaia,  Bi|^th  Report  of  State  Mfasr- 
alogist  pp.  67»-090.     18  S8. 

Includen  refereucea  to  geologic  relationa 
and  history,  age  of  forraatiocs,  foaaUa,  and 
atraclnre  at  Tarions  points. 

BOWMAN,  Amos.  Mining  deyelop- 
montson  the  northwestern  Pacific  coast 
and  their  wi  ier  bearing. 

Am.  Inst.  BAining  Engineera,  Trana.,  toL 
15,  pp.  707-717.    1887. 

Some  references  to  the  coal-bearing  forma- 
tious.  Bi  irfly  tlcAcribeji  the  geologic  relations 
of  the  anrirernns  slates,  series  of  the  Caribou 
re;nou,  and  discusses  their  age,  origin,  and 
mode  of  impregnation  with  gold.  Conaidera 
the  origin  of  some  placer  deposits  and  drain- 
ago  features. 

[Prcli miliary  report  on  the  Caribou 

gold-bearing  district,  British  Colum- 
bia.] 

Canada,  Qeol.  and  Nat  Hist  Surey,  Re- 
port, 1886,  part  A,  pp.  &-7.    1887. 

Includes  announcement  of  the  discovety  of 
Paleozoic  fossils  in  tbe  auriferous  schists  and 
reference  to  their  equivalency. 

Testimony    of    Ottawa   clays   and 

gravels  to  tbe  expansion  of  the  Gulf  of 
8t.  Lawrence  and  Canadian  lakes 
within  the  human  period. 

Ottawa  Natnraliat,  voL  1,  pp.  140-161.    1888. 
Description  of  the  superficial  deposits  and 
terracea. 

BRACKETT,  Richard  N.  A  micro- 
scopic study  of  the  peridotito  of  Pike 
County,  Arkansas. 

Am.  Jotpr.  S«i.,  84  leried,  To^  88,  pp.  Q6-59. 
ififla 


Richard  N.  —  Continned. 

Abstract,  An.  Vatnraliat,  to!  23.  p^  711,  \  p. 
1880L 

Petrographic  description  of  the  aerenl 
rocks  from  the  locality. 

See,  also,  BRAISnfER,  John  C.  and. 

BRAINERD,  Alfred  F.  A  new  dis- 
coyery  of  carbonate  iron  ores  at  Enter- 
prise, Mississippi. 

An.  Inst  Mining  Engiaeon,  Trans.,  toL 
16^  pp.  146-148.    1887. 

Reference  to  mode  of  occnrrenoe,  thiokaesi, 
etc    Analyses. 

Notes  on  tbe  iron  ores,  fuel,  and  im- 
proved blast- fnrnaoe  practice  of  tbe 
Birmingham  district. 

Am.  Inst  BCiaiag  Bngineera,  Trana.,  toL 
17,pp.UI-l65.    1889. 

Includes  analyses  of  limestones  and  Clintoa 
iron 


.  Ezra  and    SESEL'Y',  H.  M. 

The  original  Chazy  rocks. 

AntOeologist  voL  2,  pp.  323-330.     1888. 

Detailed  descriptiou  of  stratigraphy  and 
structure  in  Ctaasy,  New  York,  accompaaied 
by  map  and  cross  sections.  Dlscassion  of 
possibility  of  faolt  separating  theChaxj  from 
the  Potsdam  and  cutting  off  the  Caleiferou 
beds. 

BRANITER,  John  C.  Annual  Report  of 
the  Geological  Snrvcy  of  Arkansas  for 
1887,  pp.  15,  8^.    Little  Rock,  1887. 

Administratire  report. 

Olactatiou :   its    relations    to    the 

Lackawanna  Wyoming  region. 

Lackawanna  Inst  Hist  and  Sciance,  Pubs. 
▼oL  1,  pp.S-18,  4  plates.    1887. 

Sketch  of  tlie  glacial  history  of  the  regioa, 
and  discussion  of  glacial  theories,  origin  of 
drifts,  causes  of  glacial  euld,  ete. 

Notes  upon  tbe  glacial  strin  ob- 
served in  the  Wyoming-Lackawanna 
region. 

Lackawanna  Inat.  Hist,  and  Scieaco,  Pubs., 
vol.  1,  pp.  1^27.    1887. 

List  of  striA,  in  some  instanoea  with  sug- 
gestions in  regard  to  the  Aigaifioaaoe  of  their 
direction. 

Introduction   to    the   report   npoii 

western  central  Arkansas, 

Arkanaaa,  Oeol.  Surrey,  Report  fbf  188|» 
vol.  1,  pp.  xxix-xxzi.    188& 

Incidentally  discusses  the  extent  «nd  rel% 
tions  of  the  axes  of  the  flexures. 

-: —  On  the  manufacture  of  Portland 
cement. 

Arkansas,  Gaol.  Survey,  Ropoirt  for  188|» 
vol  ^  pp.  281-802.    1888, 
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John  C— Continued. 
Includes  tables  of  analyses  of  Arkansas 
ohalks  and  clays. 

The  Geology  of  Fernando  de  No- 

ronha,  part  I. 

Am.  Joor.  Sci.,  3d  series,  voL  87,  pp.  liS-181, 
pi.  ▼.    1889. 

Topography,  distribution,  straotnre,  and 
relations  of  tbe  sereral  Toloanic  rooks  and 
account  of  calci&reous  sandstones  at  various 
points  along  the  coast 

The  afi^e  and  correlation  of  the  Mes- 

ozoic  rocks  of  tbe  Sergipo-AlagOas  ba- 
sin of  BraziL 

Am.  Assoc.  AdT.  Science,  Proc.,  toI.  87,  pp. 
187-188, 1  p.    1889. 

Paleontologio  oharaoteristios  of  tbe  several 
■ones  of  the  series  and  age  of  a^oining  forma- 
tions. 

The  age  of  the  crystalline  rocks  of 

Arkansas. 

Am.  Assoc.  AdT.  Science,  Proc.,  vol.  87,  p. 
188,  i  p.    1880. 
Evidence  of  their  intrusive  natnre  and  age. 

The  peridotite  of  Pike  County,  Ar- 
kansas. 

Am.  Jour.  Sci.,  Sd  series,  voL  38,  pp.  50-M, 
pUte.    1889. 

Local  geology, illustrated  by  colored  map; 
relations  and  date  of  intrusion  of  periilotite 
and  sketch  of  geologic  history  of  tbe  region. 

and  BRACKBTT,  R.  N.    The  peri- 

dotites  of  Pike  County,  Arkansas. 

Am.  Assoc.  Adv.  Science,  Proc  ,  vol.  37,  pp. 
188-189,  ip.    1889. 

Abstract,  Popular  Science  Monthly,  vol.  30, 
p.i31,icol. 

Announcement  of  their  oocnrrenoe,  general 
relations,  and  petrographio  characteristics. 

BRENT,    Charles.    Tbe   Beaver  mine, 
Ontario,  Canada. 

Eng.  and  Mining  Jonr.,  voL  45,  p.  123,  ] 
col.,  40.    1888. 

Reference  to  geologic  relations  of  Animikie 
slat«s  and  traps. 

BRINTON,  D.  G.    On  an  ancient  human 
footprint  f¥om  Nicaragua. 

Am.  PhiL  Soo..  Proc.,  voL  24,  pp.  437-444,  pi. 

Ko.126.    1888. 

Includes  a  description  by  Dr.  Earl  Flint  of 
the  geologic  relations  of  the  region  and  de- 
posit in  which  the  footprint  was  found. 

British  Assoc.  Adv.  Sdenoe,  Report  of 
Fifty-sixth  Meeting. 
Anorthosite  roclcs  of  Canada,  Adams. 
Canadian   Rocky  Mountains,  Daw- 
son, O.  M. 
Coal-bearingrooksof  Canada^  Apams. 

PulL  76 3 


British  Assoc.  Adv.  Science,  Report  of 
Fifty-sixth  Meeting — Continued. 
Glaciati  on  of  North  America,  Great 

Britain,  and  Ireland,  Lewis. 
Relations   of  {ideology  of  Arctic  and 
Atlantic  basins,  Dawson,  J.  W. 

Report  of  Fifty-seventh  Meet- 
ing. 
Extra-inorainal   lakes    in   England, 
North    America,    and    elsewhere, 
Lewis,  H.  C. 
Places  of  interest  on  banks  of  Sas- 
katchewan, Panton. 

Report  of  Fifty-eighth  Meeting. 


Bowlder  in  Halifax  coal,  Spenceu 
and  BoNNEY. 

BRITTON,  N.L.    Report  for  1886. 

Qeol.  Surrey  of  New  Jersey,  Report  of  ths 
Qeologist  for  1886,  pp.  74-112, 2  plates.    1 F87. 

Reriew,  Science,  vol.  0,  pp.  505-5M.    1887. 

Preseiits  additional  information  in  rej^ard 
to  the  stratigrspby,  stractaral  featnres,  hiic- 
ocssion,  and  distribntion  of  tbe  three  fnx>iips 
of  the  highland  Archean,  which  appears  to 
constitute  one  conformable  aj'stera  represent- 
ing the  Laureotian  of  Canada ;  dinisses  iho 
equivalency  of  the  groups  to  similar  forma- 
tion elsowbere,  and  the  relations  of  the  West- 
chester County — ^Xew  York  Taland — Trrnton 
belt;  describes  the  occurrence,  relations,  and 
litbology  of  A  collection,  including  granites, 
quarts-syenites,  diorites,  diabases,  kersan- 
tites,  and  porphyrites.  Accompanied  by  col* 
ored  geologic  maps  of  areas  near  iSoonton  and 
Franklin  Fumaco. 

[Remarks  on  origin  of  serpentines 

in  the  vicinity  of  New  York.] 

New  York  Acad.  Sci.,  ^rans.,  vol.4,  p.  29,  i 
p.    1887. 

States  his  opinion  that  they  are  altered 
stratified  Archean  rooks,  mainly  limestones 
and  tremolitlo  schists. 

Notes   on    glacial    and    preglacial 

drifts  of  New  Jersey  and  Staton  Island. 

New  York  Acad.  Sci. ,  Trans. ,  vol.  4,  pp.  2&- 
83.    1887. 

Describes  the  extent  of  the  yellow  gravel 
and  preglacial  drift  in  the  eastern  United 
States,  its  characteristics,  thickness,  outcrops 
in  contact  with  overlying  drifts,  its  exposures 
and  relations  on  Staten  Island  and  its  flora  in 
Cumberland  County.  New  Jersey.  DiscniiHrs 
the  origin  of  the  preglacial  drift  and  its  rela- 
tion to  later  deposit's. 

Geological  notes  in  western  Vir- 
ginia, North  Caroliua,  and  eastern  Ton- 
nessee. 

New  York  Acad,  ^ci.,  Trans.,  vol.  6,  pp. 
81S-823.    1887. 
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BRTTTON,  N.  L. — Cod  tinned. 

Some  sUtements  in  reie»rrl  to  the  slates  and 
llinMtoiiM«f  the  GrMi  Yalley.  Notes  ob 
rocks  and  stmetnre  about  Loray,  Katoral 
Bridge. and  Baleooy  Fall«,  Virginia;  the  oon- 
tactofcrystlahnes  and  elasties  in  Doe  RiTor 
Grorge.  Tenoessee ;  Ctanberry  iron  mine,  Uoan 
ICouotain,  and  Warm  Springs  to  AsheTille, 
North  Carriina. 

Additional  notes  on  the  geoloj^  of 

Staten  laland. 

Vew  York  Acad.  8ci.,  Trans.,  roL  fl^  pp.  IS- 
IS.   1SS7. 

Abstrac-t,  Fopnlar  Science  Monthly,  toL  37, 
pp.  132-143.  i  coL    1890. 

Discussion  of  the  origin  and  relations  of 
the  serpentines  and  the  stractural  featnres 
which  giro  rise  to  the  a«vera]  outcrops  in  the 
▼icinlty  of  Kew  York ;  refercnoo  to  the  south- 
ward extension  of  the  crj'stalline  rooks  of 
Staten  Island,  outcrop  of  prcglacial  drift  near 
Woodrow,  relations  of  drifts  at  Tompkins- 
▼ille,and  to  the  drifttess  areas  north  and  west 
of  the  terminal  moraine. 

On  recent  field  work  in  the  Archean 

areas  of  northern  New  Jersey  and  soath- 
eastern  New  York. 

School  of  Mines  Quarterly,  voL  0,  pp.  33-39. 
1887. 

Describes  the  several  members  of  the  crys- 
talline SMies  of  the  Highlands  and  of  the 
Philadelphia- Westcheiiter  County  region,  the 
altered  Paleosoic  rocks  at  the  Junction  of 
the  two  areas  near  Peek  skill,  and  some  other 
Paleozoic  contacts.  Discusses  the  subdivi- 
sion of  Archean  and  the  relations  of  the 
groups  to  each  other  and  to  the  Laurentian 
series  of  Canada. 

[Boring  through  drift  and  Cretacor 

oils  sediments  on  Staten  Island.] 

New  York  Acad.  Sci.,  Trans.,  voL  7,  p.  39 ; 
A  p.    1888. 
Six  hundred  feet  to  crystalline  schists. 

On  an  Archean  plant  from  the  white 

crystalline  limestone  of  Suhscx  County, 

New  Jersey. 

New  York  Acad.  Set.,  Annals,  vol  4,  pp. 
123-124;  pl.Vll.     If 88. 

Canadian  Record  of  Science,  voL  3,  p.  184. 
1888. 

Includes  reference  to  the  distinctive  feat- 
ures of  the  limestone  belts  in  the  highlands. 

Notes  on  tbe  modified  drift. 

Staten  Island  Nat.  Sci.  Assoc,  Froc,  Jan. 
14, 1888  ;  i  p. 

Describes  sections  exposed  in  dit«h  through 
plain  of  modified  drift  on  Staten  Island. 

[Notice  of  outcrop    of   Cretaceoas 

olay  on  Eltingrille  road,  Staten  Island.  ] 

Statsn  Island  Nat.  SoL  Aasoo.,  Proo., 
Apiil,1889.  aiinea. 


BRITTON,  N.  L.— Oontinoed. 
An.  Natoralial,  toL  31;  p^  1037. 

[Ootcroiw  of  ChretaoMHis  diay  and 

of  Triassic  shales.] 

Staton  laland  Nat.  BcL  Aaaoc,  Floe,  Oet, 
1889;  12  lines. 
Notice  of  new  localities. 

[Notice  of  a  new  ezpoaiire  of  Cre- 

taoeons  near  Grassmere  Station,  Staten 
Island.] 

Staten  laland  Nat.  ScL  Aaaoc,  Fkec, 
March.  1889. 

Am.  Natnralist,  voL23,  p.  563;  i  p.    ISSIl 

New  York  Acad.  Sci.,  Trana.,  voL  8»  p.31; 
( lines.     1888. 

Includes  reference  to  ita  relatiMia  to  the 
drifU. 

[Remarks  on  the  yellow  gravel  for- 
mation.] 

Staten  Island  Nat.  Sd.  Aaaoc.,  Prac, 
April,  1889. 1  paice. 

Am.  Natnralist,  voL  33,  pp.  1033-1033.    1880. 
Diaciission  of  its  origin. 

[Remarks  on  the  relations  of  the 


crystalline  rock  series  in  the  New  York- 
New  Jersey  region.] 

New  York  Acad.  ScL,  Trana.,  voL  8^  pp. 
52-53.    1888L 

A^  and  equivalency,    espeoiaDy   hi  the 
Westchester  County  and  Peekskill  region. 

—  [Remarks  on  recent  discoyeries  ii; 


local  Cretaceoas  and  Quaternary  ge 
ology. 

New  York  Acad.  Sci.,  Trana.,  toL  8,  p.  177. 
188a 

Description  of  the  occurrence  of  fossil-bear- 
ing concretions  in  the  plastic  clay  aeries  oa 
Staten  Island  and  on  the  Baritan  River,  New 
Jersey ;  an  outcrop  of  kaolin  and  of  Creta- 
ceous gravels  containing  Paleosoio  fosuls  at 
Prince's  Ba>,  and  an  exposure  of  bowlder 
clay  at  Airochar,  Staten  Island;  discnases 
the  origin  and  history  of  the  foosUiferoos 
pebbles  in  the  Cretaceous  and  the  yellow 
gravel  deposits,  and  the  relatione  and  age  of 
the  ferruginous  quarts  and  **Jaeperoid  rock" 
overlying  the  serpentines  of  Hoboken  and 
Staten  Island. 

: Geologic  surveys,  New  Jersey  Ar- 
chean.   See  [COOK,  G.  H.]. 

BROAD  HEAD,     G.     C.     Mitoliell 
County,  Texas. 

Am.  Geologist,  vol.  2,  pp.  433-490.     1888. 

Beferenoes  to  Sed  beds,  Cretaceous  and 
structure,  and  the  occurrence  of  salt  beds  in 
the  Permian  in  Texas  and  Kansas. 

The  geological  history  of  the  Oaark 

uplift. 
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G.  C. — Continued. 

Am.  G^oologist,  roL  8,  pp.  6-18.    1889. 

Sketch  of  the  dUtrihation,  rclationn,  And 
•tnitigraphy  of  the  various  formatlous  Arom 
Cnnihriaii  to  lower  Carhoniferoas,  and  the 
general  stmcture  and  hiatury  ot  the  Ozark 
region. 

The  MiBSoori  Riycr. 

•  Am.  Qeologist,  vol.  4,  pp.  148-155.    1880. 
Bescriptiou  of  ita  physiography  and  sketch 
of  its  geologic  history. 

BROWN,  Amos  P.  Modes  of  occur- 
recce  of  pyrite  in  bituminons  coal. 

Am.  Inst.  Mining  Engineers,  Trans.,  voL 
10,  pp.  539-54U.     1888. 

Doscripiiuu  of  pyritiferooa  beds  in  Penn- 
sylvania ;  diacuases  urii;iu  of  the  pyrito. 

BROWN,  C.  Newton.  The  Pittsburgh 
coal  seani^iu  Jefferson,  Belmont,  and 
Guernsey  Coon  ties. 

Ohio,  GeoL  Survey  Report,  voL  6,  Economic 
Geology,  pp.  505-(K26 ;  map.    1888. 

Description  of  outcrops  and  associated 
strata. 

BROWN,  R.  T.    Hancock  County. 

Indiana,  Department  of  Geol.  and  Nat. 
Hist.,  Fifteenth  Report,  1886,  pp.  187-107. 
188& 

Description  of  its  glacial  drift  and  till  de- 
posits and  snggestions  in  regard  to  age  and 
dip  of  the  underlying  formations. 

BROWNE,  David  H.  The  distribu- 
tion of  pliosphorons  in  the  Luding- 
ton  mine,  Iron  Mountaiu,  Michigan. 

Am.  Inst.  Mining  Engineers,  Trans.,  vol. 
17,  pp.  616-632.    1880. 

Am.  Jour.  Sci.,  3d  series,  voL  37,  pp.  2V9- 
310;  pis.  VIII-XIU.     1889. 

Includes  a  brief  description  of  the  relations 
of  the  ore  masses,  and  diAcnssion  of  the 
genesis  of  iron  ores  in  various  parts  of  the 
Lake  Superior  region. 

BRITNTON,  D.  W.  Aspon  Monntain. 
Its  ores  and  their  mode  of  occurrence. 


BRUNTON,  D.  W.—Continned. 

Eng.  and  Mining  Jour.,  vol.  46,  pp.  22-23, 
42-45,40.    1F88. 

Description  of  geologic  relations,  faults,  evi- 
dence  of  recent  movements,  evidences  of 
glacial  actiou,  results  of  underground  erosion 
and  dolomitization  of  the  lower  Carbonifer- 
ous limestone.  Discussion  of  the  origin  ot 
the  ores  and  their  relations  to  the  faults. 

BR7AN,  Oliver  N.  The  Cretaceous  for- 
matiou  of  southwestern  Maryland. 

Am.  Naturalist,  vol.  23,  pp.  712, 713.    1880. 
Gives  general  account  of  its  relations  and 
distribution. 

BRTSON,  John.  [On  the  beaches  along 
the  southern  side  of  Long  Island.] 

Am.'  Geologist,  vol.  2,  pp.  6I-60.    1888. 
Discussion  of  their  origin. 

[Notes  on  well  hole  on  the  south  side 

of  Long  Island.] 

Am.  Geologist,  vol.  2,  pp.  136-137,  {  p.    1888. 
List  of  beds  penetrated  and  suggestion  in 
regard  to  their  origin. 

.Artesian  well,   Woodhaven,    Long 

Island,  New  York. 

Am.  Geologist,  vol.  3,  pp.  214-215.    1889. 

Record  of  556  foot  well  down  to  rock.  Com- 
ments on  possible  representation  of  Czetacous 
in  the  record,  the  nature  of  the  beds  pierced, 
the  absence  of  shells,  and  the  finding  of  rock 
in  another  well. 

The  terminal  moraine  near  Louis- 
ville. 

Am.  Goplogist,  vol.  4,  pp.  125-126.    1889. 
Describes  glacial  phenomena  of  the  region 
and  discusses  their  significjinco. 

BURKE,  M.  D.  Drift.  Its  distribution 
and  character  in  the  viciuity  of  Cincin- 
nati, when  considered  as  a  probable 
source  of  water  supply. 

Oincinnati  Soc.  Nat.  Hist.,  Jonr.,  vol.  11, 
pp.0»-76.     1888. 

Sketch  of  the  geologic  history  of  the  region 
and  of  its  drainage  daring  the  glacial  epochs. 


C. 


CADBLL,  H.  M.    The  Colorado  River  of 
of  the  West. 

Scottiah  Geographical  Mag.,  vol.  3,  pp.  4il- 
460, 2  plat  es,  map.    1887. 

From  Dutton's  Tertiary  History  of  the 
Orand  CaSon  district 

California,    auriferous  slates,  Beckbr, 
DiLLER.    Irelan.    White,  C.  A. 
bnilding  stones,  Hanks.    Jackson. 
bored  wells,  Kern  County,  Hagqin. 


California — Continued. 

catalogue  of  fossils,  Cooper. 

cements,  Irelan. 

Chico  and  T^jon  groups,   Becker. 

White,  C.  A. 
coal,  Ashbuuner.    Goodyear. 
Cretaceous   of    Mendocino    Coanty, 

Becker.    White,  C.  A. 
drift  mining,  Dunn. 
dry  lakes,  Jennet. 
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California  — Continned. 

faiiltH  of  Sierra  Nevada,  Diller.  Gil- 
bert.    LS  CONTE.     RU68ELL,  I.  C. 
flora  and  history  of  coast  isiandsy  Lb 

CONTE. 

fossils  from  Pacific  coast,  White,  C.  A. 

geology  of  northern,  Diller. 

glacier,  Emmons,  8.  F. 

hauksite.  Hanks. 

infusorial     earth,     Santa    Barbara, 

Finch. 
Inyo  Connty,  Goodyear. 
Kern  County,  Goodyear. 
late  Qaaternary  geology,  Hiloard. 
lithology  of  wall  rooks,  Attwood. 
Los  Angeles  Connty,  Goodyear. 
microscopic  study  of  rocks, Schuster. 
mineral  resources  by  countieS|  Hanks. 

Irelan. 
Hono  Connty,  Whitino. 
Mount  St.  Helena,  Hanks. 
natural  gas,  Weber. 
nomenclature  of  Cenozoic,  Le  Conte. 
obsidian,  Iddings. 
occurreuce  of  Aucclla,  White,  C.  A. 
petroleum,     asphaltnm,     and     gas, 

Goodyear.    Weber. 
origin  of  normal  faults,  Le  Conte. 
primary  quartz  in  basalt,  Iddings. 
quicksilver  deposits  of  Pacific  coast, 

Becker. 
Report   U.    S.    Geological    Survey, 

Becker.  ^ 

Report  of  State  Mineralogist,  Hanks. 

Irelan. 
San  Bernardino  County,  Goodyear. 
San     Diego     County,    Goodyear. 

Hanks. 
Santa  Barbara  channel,  Fkwkes. 
silicified  wood,  Frirdrich. 
silver  mines  of  Calico,  Lindgren. 
stages  of  geologic  history  of  Sierra 

Nevada,  Gilbert. 
Tertiary,  Becker.    White,  C.  A. 
Tulare  County,  Goodyear. 
Ventura  County,  Bowers. 
California  Academy  of  Scienoea^  Bol* 
letin,  voL  2. 
Washoe  rocks,  Becker. 
Flora  of  coast  islands,  Le  Conte. 
California,  Sixth  Report  of  the  Miner- 
alogist. 
Artesian  well,  Kern  County,  Hag- 
gins. 
Building  ^touesi  Hanks. 


I  California,  Sixth  Report  of  the  Biiner- 
alogist — Continued. 
California  minerals.  Hanks. 
Mount  St.  Helena,  Hanks. 
Report  of  mineralogist,  Irelan. 
San  Diego  Connty,  Hanks. 
California,  Seventh  Report  of  State 
Mineralogist. 
Petroleum,  asphalt  urn,   and  natural 

gas,  Goodyear. 
Coal,  Goodyear. 
Natural  gas,  Weber. 
Petroleum  and  asphaltnm  in  northern 

California,  Weber. 
Building  stones,  Jackson. 
Catalogue      of     California    foesils. 
Cooper. 
California,    Bighth    Report   of  State 
Mineralogist. 
Mineral  resources  by  counties^  Ibe- 

LAN. 

Inyo  County,  Goodybab. 
Kern  Connty,  Goodyear. 
Los  Angeles  County,  Goodyear. 
Mono  County,  Whiting. 
San  Bernardino  County,  Goodyear. 
San  Diego  County,  Goodyear. 
Tulare  County,  Goodyear. 
Ventura  County,  Bowkrs. 
Drift  mining  in  California,  Dunn. 
Lithology  of  wall  rocks,  Attwood. 
Natural  and  artificial  cements,  Ire- 
lan. 
Building  stones,  Jackson. 

CALL A^WAT  (Ch. ).  On  parallel  struc- 
ture in  rocks  as  indicating  a  sedimen- 
tary origin. 

Qeol.  Mag.,  3ddec«de,  toL  4^  pp.  351-451 
18S7. 

BeviewB  the  conclaalons  in  Dan»*s  paper  on 
the  Cortlaodt  rooks  entitled  "On  »  ciMe  in 
which  variona  massiTe  orystalline  rocka 
*  *  *  were  mado  through  metamorphio 
agencies  in  one  metamorphio  procesa,"  and 
after  disouaaing  laminated  atmcture  in  erap- 
tive  masses,  snggesta,  from  the  evidence  pre- 
sented, that  the  rocks  in  question  are  probably 
emptlTo  in  their  nature. 

—  Parallel  structure  in  igneous  rocks. 

Gkol.  Mag.,  3d  decade,  toL  4,  p.  479,  ^p. 
1887. 

States  hia  obligation  to  Barker  for  directing 
hia  attention  to  the  modified  views  of  Dana  on 
the  nature  of  some  of  the  Cortlandt  rocks. 

CALVIN,  S.  Notes  on  the  formations 
passed  through  in  boring  the  deep  well 
at  Washington,  Iowa. 
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CALVIN,  8.--Con tinned. 

Am.  Geologist,  vol.  l,pp.2&-Sl.    1888. 
Well  record  and  dinoasBion  of  horizon  of 
some  of  the  formations,  and  light  thrown  on 
the  stratigraphy  of  the  Silurian  and  lower 
formations  in  that  region. 

OUservations  on  the  vertical  range 

of  a  certain  speoiea  of  fossils  of.tbe 
Hamilton  period,  in  western  Ontario. 
Am.  aeologist,  vol.  1,  pp.  81-86.    1888. 
Description  of  the  occnrrence  of  the  foMils, 
and  the  three  subdivisions  of  the  formation 
indicated  hy  the  faanal  relations. 
Some  geological  problems  in  Mus- 
catine Connty,  Iowa,  with  special  refer- 
ence to  the  rectification  of  the  supposed 
Kinderhook  near  the  month  of  Pine 

Creek. 

Iowa  State  Unir. ,  Ball. ,  toL  1,  Na  1,  pp.  7- 
18.    1888. 

Am.  Gtoologiat,  voL  8,  pp.  2.S-36.    1889. 

Presentation  of  pa1eontolo<*{c  evidence  of 
the  Hamilton  age  of  the  beds  in  qoestion  and 
notice  of  their  occnrrence  and  relations  at 
other  localities,  IContpelier,  Andalnsia,  etc. 
Reference  to  the  distribution  of  the  Carbon- 
iferous. Discussion  of  geologic  history  of  nn* 
conformity  between  Carboniferous  and  De- 
Tonian  and  the  origin  of  some  of  the  deposits. 

Iron  Bntte,   Montana.     Some  pre- 
liminary notes. 

Am.  Geologist,  vol.  4,  pp.  9&-VI.    1889. 
Consists  of  references  to  geologic  features. 

Cambrian. 

Arkansaa,  Pike  Connty,  Branner. 
.    Canada^  Animikie   and    Hnronlan    of 

Lake  Superior,  McKellar. 
borings  in  Manitoba,  Dawson,  O.  M. 
basal  series  in  Acadia,  Matteikw. 
Cape    Breton    and    Newfoundland, 

Mattuew. 
classification  in  Acadia,  Matthew. 
Eozoic   and   Paleozoic    in    Canada, 

Dawson,  J.  W. 
Fallsof  Montinorenci,  Am.Geologist. 
fossils  from  Mount  Stephen,  British 

Columbia,  Rominger.   Walcott. 
geology  of  Mount  Stephen,  British 

Columbia,  McConnell. 
geological  classification  in  Quebec  by 

Marcou,  Sklwyn. 
geology  of  vicinity  of  Quebec,  Mar- 

cou. 
geology  of  the   Montmorenci,   Em- 
mons, E.  Jambs.  Am.  Geologist. 

Sklwyn. 
glacial    bowlders   of   our   fisheries, 

Uoneyman. 


Cambrian— Con  ti  n  ued. 
Canada — Continued. 

graptolites  from  St.  Lawrence  River 
region.  Lapworth. 

how  is  the  Cambrian  divided  f  Mat- 
thew. 

labrador,  cruise  to  northern,  Packard. 

minerals  of  Quebec,  Ells. 

New  Brunswick,  Bailey  and  McIn- 
NES.    Bailey. 

uortbern  part  of  Dominion,  Dawson, 
G.M. 

Nova     Scotia,      Aylesford,     Kings 

County,  HONEYMAN. 

Nova  Scotia,  Guysborough,  Antigo^ 

nish,  and  Plctou,  Fletcher. 
Nova  Scotia,  Halifax  and  ColcU  ester 

Counties,  Honeyman. 
Nova   Scotia,    Lower  Cambrian    of 

Guysborough  and   Halifax   Conn- 

ties,  Fairbadlt. 
Ontario,  iron  ores,  Ives. 
portions  of  eastern  towusbips,  Ells. 
Quebec  group,  Hunt.    Dawson,  J. 

W.   Marcou.    Srlwyn. 
psamuiichuitcs  from  eastern  Canada, 

Matthew. 
relations  of  Canadian  to  European, 

Dawson,  J.  W. 
St.  John's  group  fauna,  Matthew. 
supplement    to   rocks   on    Atlantic 

Coast  of  Canada,  Dawson,  J.  W. 
so  nth  side  of  St.  Lawrence   River, 

Lapworth. 
Yukon  expedition,  Dawson,  G.  M. 
Tacoulc  of  eastern  Newfoundland, 

HOWLEY. 

Colorado,  Aspen,  Brunton.    Emmons, 
S.  F.    Henkich.   Lakes.    Sever. 
Battle  Mountain,  Olcott. 
Eagle  County,  Tilden. 
geology   of  Colorado    ore   deposits, 

Lakes. 
iron  resources,  Chauvenkt. 
Leadville    region,    Emmons,   S.    F. 

Ihi^eng,  Blow. 
Rocky  Mountains,  Hills. 
structural  relations  of  ore  deposits, 
Emmons,  S.  F. 
Dakota^     Black     Hills,     Carpenter. 

Crosby.    Winchell,  N.  H. 
Oeorffia,  geological  survey,  Spencer, 

J.W. 
Idaho,  Coeurd'Alene  miues,  Clayton. 
graphitic  anthracltA^  3is.^^^x. 
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Cambrian— Continued. 
Iowa,  southeastern,  GOKDON. 

well  at  Washington,  Cax.vin. 

well  at  Davenport,  Tiffany. 

Keokak  deep  boring,  Gordon. 
Mainef  northern,  Bailbt. 

Eastport  region,  Shalkr. 
Mas8achusetl8,  Boston  Basin,  HoBBS. 

Bristol  County,  Shaler. 

geology  of  Nahant,  Lane. 

Great  Barrington,  Julibn. 

horizon    of     Nahant     limestone, 

FOSRSTE. 

enter    islands    of    Boston    Harbor, 

Crosby. 
Taconic  region,  Dana,  J.  D.    Wal- 

COTT. 

Michigan^  great   primordial  quartzite, 
Winchbll,N.  H. 

Irving  and  Chambcrlin  on  Lake  Su- 
perior sandstone,  Am.  Geologist. 

Menominee  range,  Fulton. 

Report,  Lake  Superior  division,  U.  S. 
Geological  Survey,  Irving. 
Minnesoiay  Animikie  black  slate  and 
qnartzite,  Winchkll,  N.  H. 

artesian  wells,  Hall,  C.  W. 

Carver  and  Scott,  Sibley  and  Nicollet, 
Chisago,  Isanti  and  Anoka,  Otter 
Tail,  Mi  lie  Lacs,  and  Kanabec, 
Pine    and    Becker   counties,    Up- 

HAM. 

descriptions  of  some  maps,  Upham. 

Fossils  in  red  qnartzite,  Winchell, 
N.  H. 

Great  primordial  qnartzite,  Winch- 
ell, N.  H. 

Minnesota  and  Mississippi  Valleys, 
Winchell,  N.  H. 

Minneapolis  and  St.  Paul  region, 
Hall,  C.  W. 

Stillwater  deep  well,  Meades. 

Wabasha,   Goodhne,    Dakota,    Hen- 
nepin, and  Washington  Counties, 
Winchell,  N.  H. 
Missouri,    history    of    Ozark     uplift, 

Broadhead. 
Montana,  Drumlummou  veins.  Clay- 

TON. 

Gallatin  region,  Haydrn. 
Nebraska,  well  at  Lincoln,  Russell, 

F.  W. 
Nevada,  Walcott. 

marbles,  Newberry. 


Cambrian— Contin  ned. 

stratigraphic  position  of   Olonelloa, 
Walcott. 
New   Jersey^    geological   map.    Cook, 

Martin. 
Neto  York,  building  stones,  Smock. 

Calciferons   fossils  of    Lake    Cham- 
plain,  Whitfikld. 

Camptonite    dike,     Washington 
Connty,  Kemp  and  Marstkrs. 

Cambrian  trilobites  from  Poiighkeep- 
sie,  Newberry. 

Dutchess  Connty,  D wight. 

Dutchess,  Putnam,  and  Westchester 
counties,  Smock. 

great  primordial  quarlzite,  Winch- 
ell, N.  H. 

original  Chazy  rocks,  Braikbrd  and 
Sekly. 

stratigraphic  position  of  Olenellus,. 
Walcott. 

Taconic  region,  Dana,  J.  D.     Wal- 
cott. 

Washington  County,  Walcott. 

well  near  Utica,  Walcott. 

Wappiiiger  Valley  and  Stissing 
Mountain,  D wight. 
Nomenclatate  and  classification,  classifi- 
cation and  use  of  temi  **  Taconic,'^ 
Blake.  Dana,  J.  D.  Dawson, 
J.  W.  Dutton.  Emerson.  Em- 
mons, S.  F.  Ford.  Frazer. 
Hague.  Hall.  Hitchcock.  Irv- 
ing. Newberry.  Selwyn.  WaL- 
cott.  Williams,  6.  H.  Win- 
chell, A.    Winchell,  N.  H. 

Barrandei  and  the  Taconic,  Marcou. 

Canadian  geological  classification  in 
Quebec,  by  Marcou.     Selwyn. 

classi  Heat  ion  by  the  American  com- 
mittce,  Winchell,  N.  H. 

classification  in  Acadia,  Matthbw. 

crystalline  schists.  Hunt. 

elements  of  Primary  geology,  Hunt. 

geological  questions,  Frazer. 

history  of  Taconic  ideas,  Dana,  J.  D. 

how  is  the  Cambrian  divided  f  Mat- 
thew. 

objections  to  the  term  Taconic  con- 
sidered, Winchell,  N.  H. 

on  crystalline  schisU,  Hunt. 

position  of  Olenellus  beds,  Nathorst. 

principles  of  the  advei'sarlos  of  the 
Taconic,  Marcou. 
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Cambzian— Continnedi 
^019  Forib— Contintied. 
leportof  sabcommittee  on  Paleozoic, 
Inteinational  Congress  of  Geolo- 
gists, WiNCHBLL,  N.  H. 
some  forgotten  Taconic  literatare, 

YOODBS. 

stratigraphic  position  of  Olenellns, 

Wajlcott. 
Taconic  of  Boston,  Utatt. 
Taconic  of  Emmons,  Newbrrrt. 
Taoonio   qaestion,    Hunt.    Winch- 

KLL,  A. 

Taoonio  system,  Miller. 
Walcott  on  the  Cambrian,  Hicks. 
Hunt.  Marcou.   Science.    Win- 

CHELL,  N.  H. 
North  Carolina,  Hiawassee  Yatley,  CoL- 

TOK. 

King's  Mountain  region,  Van  Ness. 
Ohio,  southwestern,  James. 
Pemntiflvania,  C umbeciand-L  e  b  a  n  o  n 
Valley,  dTnvilliers. 

fonr  great  sanclHtones,  Claypole. 

origin    of    Appalachian    materials, 

tJLAYPOLE. 

Philadelphia  region,  Rand. 
Radnor  To'wnship,  Delaware  Connty, 
Rand. 
Tennessee,  marble  of  Hawkins  Connty, 
Willis. 
East  Tennessee,  Britton. 
Texas,  Hill,  R.  T.,  Walcott. 
Utahf  old  Telegraph  mine,  Lavaonino. 
Wahsatch  section,  Walcott. 
stratigraphic  position  of  the  Olenel- 
lns, Walcott. 
Vermontf  dates  of  reports  on  geology  of 
Vermont,  Marcou.    Hitchcock. 
fossils  in  Lower  Taconic  of  Emmons, 

Walcott. 
Taconic  of  Georgia  and  report  on  the 

geolof^r  of  Vermont,  Marcou. 
Taconic   rocks  and    stratigraphy, 
Dana,  J.  D. 
Virginia f  New  River-Cripple  Creek  re- 
gion, d'Invilliers  and  McCreatu. 
Stevenson. 
Balcony    Falls    and    Great   Valley, 
Brittoj^. 
Wisconsin,  great  primordial  quartzite, 
WlNCHELL,  N.  H. 

John.  T.    Origin  of  the 


looai^ 


CAMPBBLL,  John  T.— Continued. 

Am.  NatunJist,  vol.  23,  pp.  78S-702. 

Dfsoassioo  of  natnre  and  origin  of  tbe  ma* 
terlaU  and  their  mode  of  depoaition,  maloly 
in  Indiana. 

Canada  (comprising  all  British  posses- 
sions in  North  America). 

age  of  Niagara  River,  Spencru. 

analysis  of  schist  from  Lake  of  the 
Woods,  Adams. 

ancient  shore  lines  near  Toronto,  Ives. 

Animikie  and  Hnrenian  of  Lake  Su- 
perior, McKellar. 

Animikie  rooks  at  Thunder  Bay, 
Courtis. 

Animikie  slate  and  qnartzites, Winch- 
ell,  N.  H. 

anorthosiie  rocks,  Adams. 

Anticosti  shell  marl,  analysis,  Adams. 

apatite-bearing  rooks.  Hunt.  Shutt. 

.^rcbean  rocks  of  the  Northwest, 
Irving.   Lawson.   Winchell,  A. 

Arctic  currents  and  ice  as  factors  in 
geology,  Gasking. 

At-ta-wa-pish-kat  and  Albany  rivers. 
Bell. 

Aylebford,  Kings  County,  Honey- 
man. 

Baffin  Land,  Boaz. 

basal  series  of  Cambrian  in  Acadia, 
Matthew. 

Beaver  mine,  Ontario,  Brent. 

borings  in  Manitoba,  etc.,  Dawson, 
G.  M. 

bowlder  in  Halifax  coal,  Spencer. 

vAMES.  **^ 

Cambrian  of  Cape  Breton  and  New- 
foundland, Matthew. 

Carboniferous  of  Cape  Breton,  Gil- 
pin. 

Caribou  mining  district,  British  Co- 
lumbia, Bowman. 

Cascade  anthracite  basin,  Dawson, 
G.  M. 

Cape  Breton,  Gilpin. 

Chazy  at  Aylmcr,  Quebec,  So wter. 

classitication  of  Cambrian  rocks  of 
Acadia,  Matthew. 

olossification  of  early  Cambrian  and 
pre-Cambrian,  Irving. 

coal  of  Vancouver  Island,  Adams. 

coaUbeartug  rorks,  Adams. 

coal  and  slates  of  Pacilic  Coast, 
Bowman. 

coal  in  valley  of  Bow  River,  Dodge. 
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Canada — Continoed. 

eonglomerates  in  goeisses^  Winch- 
KLL,  A. 

copper  mining  at  the  Cove^  New- 
foundland, Garland. 

correlation  of  Animikie  and  Horo- 
nian,  McKkllar. 

Cretaceous  floras  of  northwest,  Daw- 
son, J.  W. 

Cretaceoas  plants,  Vancoayer  Island, 
Dawson,  G.  M.    Dawson,  J.  W. 

cruise  to  northern  Labrabor,  Pack- 
ard. 

Dawson  on  Quaternary  and  glacia- 
tion.  Richardson. 

Dawson  on  Belly  River  series,  Cope. 

Dawson  on  geology  of  Northwest  Ter- 
ritory, Richardson. 

deposits  of  phosphate  of  lime,  Pkn- 

R08K. 

diabase  dikes  of  Rainy  Lakes,  Law- 
son. 

drift  north  of  Lake  Snperior,8PBNCXR. 

earlier  Cretaceous  of  northwestern, 
Dawson,  G.  M. 

Eozoio  and  Paleozoic,  Dawson,  J.  W. 

Eozoon  Canadense  (geology  of  Lan- 
rentian),  Dawson,  J.  W.   Selwyn. 

equivalency  of  Hnronian  with  Pe- 
bidian,  Hicks. 

expansion  of  Gul  of  St.  Lawrence 
and  Canadian  lakes,  Bowman. 

explorations  in  portions  of  New 
Brunswick,  Bailkt  and  McInnes. 

foliation  and  sedimentation,  Law- 
son.   Winch  ELL  A. 

faults  and  foldings  of  Piotou  coal- 
field, Gilpin. 

fauna  of  St.  John  group,  Matthew. 

fossils  in  tbe  city  of  Quebec,  Ford. 

fossil  woods  from  western,  Dawson, 
J.W. 

geology  of  the  Montmorenci,  Em- 
mons, E.   James.  Am.  Geologist. 

geology  of  Winnipeg  region,  Mc- 
Charles. 

geology  of  vicinity  of  Quebec, 
Marcou. 

geiology  of  Mount  Stephen,  B.  C, 

McCONNBLL. 

geology  of  Russell  and  Cambridge, 

Ontario,  Ami.    Craiq. 
glacial    geology    of    Nova    Scotia, 

HONBYMAN. 


Canada — Con  ti  n  ued. 

glacial    bowlden    of    onr    fisheries, 

Hone  YM  AN. 
glaciation  on  Pacific  Coast,  Wright. 
glaciation  of  eastern  Canada,  Chal- 
mers. 
glaciation     of     British     Columbia, 

Dawson,  G.  M. 
glacier  region,  Selkirk  range,  British 

Columbia,  Green. 
graptolites  from  Dease  River.  British 

Columbia,  Lapworth. 
graptolites  from  St.  Lawrence  River 

region,  Lapworth- 
Great  Lake  basins,  Drdmmond. 
Guysborough,  Antigonish  and  Pictou. 

Fletcher. 
gypsum      in     northern      Manitoba, 

Tyrrell. 
Halifax    and    Colchester    counties, 

Nova  Scotia,  Honeyman. 
horizons  of  oil  and  gas,  Orton. 
Huronian,  Irving.    Lawson.    Win- 

CHELL,  A. 
Huronian  at  Sudbury  on  Lake  Huron, 

Attwood.    Bonney. 
Hnronian  system.  Bell.    Selwyn. 
ice  in  Carboniferous  period,  Poole. 
indebt-edueas  of  American  geologists 

to  Canada,  Dawson,  J.  W. 
invertebrate     fossils     from     Pacific 

coast,  White,  C.  A. 
iron  and  otber  ores  in  Ontario,  Ives. 
Keweenawan  and  eastern  sandstone 

on  Hungarian  River,  Wadsworth. 
Lake  Winnipeg  to  Hudson  Bay,  Low. 
landslide  at  Brantford,  Spencer. 
Laramie,  Dawson,  J.  W. 
lecture  on  geology.  Ells. 
life  history  of  Niagara  Falls,  Pohl- 

man. 
limestone  of  East  River,  Nova  Scotia, 

Gilpin. 
lower  Cambrian,  Nova  Scotia,  Fari- 
bault. 
Marcou    on    Taconio     of    Georgia, 

Selwyn. 
Marble  Island  and  Hudson  Bay,  Bell. 
Mesozoic  fossils  from  coast  of  British 

Columbia,  Whiteaves. 
minerals  of  Ontario,  Msrritt. 
minerals  of  Quebec,  Ells. 
Miohipicoten  Bay,  Hkrrick,  Tight 

and  Jones. 
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Canada— Continned. 

micro-petrography  of  drift  of  Ontario, 

Coleman. 
nataral  gas  in  Qnebec,  Lavlammb. 
nature  of  Montreal  eruptiyes,  Hunt. 
New  Brunswick  and  Nova  Scotia  coal, 

ADAM8. 

New  Brunswick  and  Quebec  glaoia- 

tion,  Chalmkrs. 
Newfoundland  Cambrian,  Matthkw. 

Walcott.  ^ 

northern  Alberta,  etc.,  McConntcll. 
northern  Vancouver  Island,  Dawson, 

G.M. 
nematophyton   ftom    Devonian     of 

Gasp6,  Dawson,  J.  W. 
notes  to  acconipany  map  of  northern 

Canada,  Dawson,  G.  M. 
Nova  Scotia  gold  mines,  Gilpin. 
Nova    Scotian    superficial    geology, 

HONKYMAN. 

Old  shore  lines  of  the  Ontario  basin, 
Gilbert. 

old  channel  of  Niagara,  Scovbll. 

on  Sceptropora,  (Lower  Silurian, 
Manitoba),  Ulrich. 

organisms  of  Silurian  and  Devonian 
in  southern  New  Brunswick,  Mat- 
thew. 

origin  of  some  geographic  features, 
BbUm 

original  Hnronian  region, Wincubll, 
A.    Winghbll,  N.  H. 

Permian  moraine  in  Prince  Edward 
Island,  Bain. 

petrography  of  drift  of  central  On- 
tario, COLBMAN. 

petroleum  field  of  Ontario,  Bbll. 

physical  geography  of  Labrador, 
Packard. 

phosphatic  nodules  in  Chazy  about 
Ottawa,  Ami. 

places  of  interest  on  banks  of  Sas- 
katchewan, Panton. 

Pleistocene  of  Riviere  Beaodette, 
Dawson,  J.  W. 

portions  of  eastern  townships,  £ll£^ 

Port  Colbome  well,  McRab. 

prairies  of  Manitoba,  Drummond. 

primordial  fossils  from  Mount 
Stephen,  Rominger. 

principles  of  adversaries  of  the  Ta- 
Taconic,  Marcou. 

psammichnites  of  Cambrian  of  east- 
ern Canada,  Matthew. 


Canada— Continued. 

Quebec  group,  Dawson,  J.  W.  Hunt. 

Laflammk.  Lapworth.  Marcou. 

Selwyn. 
Rainy  Lake  region,  Lawson. 
range  of  Hamilton  fossils  in  Ontario, 

Calvin. 
region  east  of  Lake  of  the  Woods, 

Lawson. 
region  nortli  of  Vermilion  Lake,  Com- 

btock. 
relations  of  Archean  to  Paleozoic  in 

Qnebec,  Laflamme. 
relations  of  Arctic  to  Atlantic  geol- 
ogy, Dawson,  J.  W. 
relations  of  Canadian  to  European 

geology,  Dawson,  J.  W. 
relations  along  the  Ottawa  River, 

Ami. 
relations  between  geology  of  Maine 

and  New  Brunswick,  Bailrt. 
relations  of  British  North  American 

plants,  Drummond. 
relations  of  Laramie,  Dawson,  J.  W. 
relations    of    volcanics   in    eastern 

Quebec,  Selwyn. 
rejoinder  to  Walcott  on  fossils  from 

Mount  Stephen,  Romingbr. 
report  on  sheet  113,  Ontario,  Coste. 
rocks   containing   scapolite,  Adams 

and  Lawson. 
rocks  from  Ontario  (analyBe8),RiGGS. 
rock  specimens  from  Arctic  regions, 

Bell. 
Rocky  Mountains,  Dawson,  G.  M. 
Rocky  Mountains  near  5l8t  parallel, 

McCONNELL. 

St.  Lawrence  basin  and  the  Great 

Lakes,  Spencer. 
scolithns  of  Chazy  at  Ottawa,  Ami. 
sequence  of  formations  about  Ottawa, 

Ami. 
Silurian  system  of  New  Brunswick 

and  Quebec,  Bailey. 
Silurian   collections    in  .  Provincial 

Museum,  Nova  Scotia,  Honbyman. 
Silurian  fishes  from  King's  County, 

New  Brunswick,  Matthew. 
sponges  irom  Quebec  group  at  Little 

Metis,  Dawson,  J.  W. 
stratigraphy  of  the  Hnronian,  Win- 

CHELL,  N.  H. 
Sudbury  copper  deposits,  Collins. 
superficial  geology  of  central  plateau 

of  northwestern  Canada,  Tyrrell. 
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Canada — Conti  oned . 

Taconio  of  eastern    Newfonudland, 

HOWLKY. 

TocoDic  of  Georgia  and  report  on 
geology  of  Yerniont,  Marcou. 

Taconic  system  of  Emmous,  Millbr. 
Walcott. 

Tertiary.  Copb. 

tbe  Iroqnois  beach,  Spencer. 

Thunder  Bay  region,  Bell.   Inoall. 

types  of  Devonian  system  in  North 
America,  Williams,  H.  8. 

two  systems  confoanded  in  the  Haro- 
nian,  Winchell,  A. 

unconformities  of  the  Animikie, 
Winchell,  A. 

unconformity  at  falls  of  Montmo- 
renci.  Ah.  Geologist. 

Ungava  district,  Labrador.  Tur- 
ner. 

Utica  formation  at  Point-a-Pic,  Ami. 

Utica  fossils  from  Kicking  Horse 
pass,  Lapwortii. 

Utica  formation  of  Ottawa,  Wood- 
ward. 

Utica  fossils  from  Rideau,  Ami. 

yicinity  of  Government  farm,  Ottawa, 
Ami. 

vicinity  of  Quebec,  LAFLAMBfB. 
Marcou.    Selwyn. 

woods  and  plants  from  Cretaceons  of 
western  Canada,  Dawson,  J.  W. 

Tiikon  expedition,  Dawson,  G.  M. 

Canada  Geological  and  Natural  Hia- 
tory  Survey,  Report,  1886. 

Siiiiimary  report  of  the  operation  of 
the  survey,  Sklwyn,  A.  R.  C. 

Northern  Vancouver  Island,  Daw- 
son, G.  M. 

Mesozoic  fossils  from  coast  of  British 
Columbia,  Whitbaves. 

Structure  of  portion  of  Rocky  Moun- 
tains, McConnrll. 

Northern  Alberta,  etc,  Tyrrell. 

Between  Lake  Winnipeg  and  Hudson 
Bay,  Low. 

Portions  of  At-ta-wa-pish-kat  and 
Albany  rivers,  Bell. 

Eastern  townships,  Klls. 

Surface  geology,  northern  New  Bruns- 
wick and  southeastern  Quebec, 
Chalmers. 

Counties  of  Victoria,  Northumber- 
land, and  ReMtigouche,  New  Bruns- 
wick, Bailey  and  McInnks. 


Canada  Gedosioal  and  Natnxal  Bs- 
tory  Survey,  Report,  1886— Cont'd. 
Counties    of     Guysboronghy     Anti- 

gonish,  and  Pictou,  Nova  SooUa^ 

Fletcher. 
Lower   Cambrian    of    Gaysborough 

and  Halifax  counties,  Nova  Sootia, 

Faribault. 
Notes  to  accompany  map  of  northern 

portion  of  Canada,  Dawson,  G.  M. 
Analyses,  Adah8. 

Canada,  Royal  8ociety»  Tranaaotionik 
▼oL4. 

Ice  phenomena,  Bell. 
Indebtedness  of  American  geologic 

science  to  Canada,  Dawson,  J.  W. 
Laramie  fossil  plants,  Canada,  Daw- 
son, J.  W. 
Silurian  system  of  northern  Maine, 

etc.,  Bailey. 
Paleozoio-Archean contact  in  Qnebec, 

Laflammk. 
Borings  in  Manitoba,  etc.,  Dawson, 

G.  M. 
Glaciation  and  subsidence  of  eastern 

Canada,  Chalmers. 
Cambrian  fannflB  of  Cape  Breton  and 

Newfoundland,  Matthew. 
Genetic  history  of  crystalline  rocks, 

Hunt. 
Limestones   of    East    River,    Nova 

Scotia,  Gilpin. 


voL  5. 


Petrography  of  drift  of  central  On- 
tario, Coleman. 

Faults  and  foldings  of  Picton  coal 
field,  Gilpin. 

Fossil  woods  and  plants  from  Creta- 
ceous and  Laramie  of  Canada, 
Dawson,  J.  W. 

Physiography  and  geology  of  Aroos- 
took county,  Maine,  Bailet. 

Correlationof  AnimikieandHuronian 
of  Lake  Superior,  McKsllar. 

Geography  and  geology  of  Baffin 
land,  BoAZ. 

Character  of  Ungava  district,  Labra- 
dor, Turner. 

Glacial  erosion  in  Norway,  etc., 
Spencer. 

Petroleum  field  of  Ontario,  Bell. 

vol.  6. 


Hnronian  system  in  Canada,  Bell. 
Natural  gas  in  Quebec,  Laflammb. 
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Canada,  Royal  Society,  TranaactionB, 
voL  6 — CoDtinned. 
Nematopliyton    from    Deyonian    of 

Qa8p6,  Dawson,  J.  W. 
Organisms  in  soatbern  New  Brans- 
wick,  Matthew. 
NoTa  Scotia  gold  veins,  Gilpin. 
Cretaceoos  plants,  Vancouver  Island, 
Dawson,  J.  W.  and  G.  M. 
Canadian  Institute,  ProceedingB»  voL  4. 
Marble  Island,  Hudson  Bay,  Bell. 

voL  5. 

Canadian  Apatite,  Shutt. 
-    Geology  in  public  sobools,  Ives. 
Places  of  geological    interest   near 

Medicine  Hat,  Panton. 
Diabase  dikes  of  Rainy  Lakes,  I^AW- 

SON. 

Iron  and  otber  ores  of  Ontario,  I  yes. 
vol.  6. 


Old  sbore  lines  in  Ontario  basin,  Gil- 
bert. 
Ancient  shore    line    near    Toronto, 

IVKS. 

Well  at  Port  Colborne,  McRae. 
Canadian  Record  of  Science,  vol.  2. 
Canadian  Rocky  Mountains,   Daw- 
son, G.  M. 
Distiibution    of    British    American 

plants,  Drummond. 
Fauna  of  St.  John  group,  Matthew. 
Geologic  striictnre  of   Canada  and 

Europe,  Dawson,  J.  W. 
Archean  of  Lake  Superior   region, 

Lawson. 
Petrography  of    drift    of    Ontario, 

Coleman. 
Fossil  woods  from  western  Canada, 

Dawson,  J.  W. 
Geology  of  Aroostook  County,  Maine, 

Bailey. 
Permian  moraine  in  Prince  Edward 

Island,  Bain. 
Work  of  International  Congresa  of 

Geologists,  Gilbert. 
Scolithus  of  Chazy    about  Ottawa, 
,    Ami. 

vol.  3. 

Briiish    North     American     plants, 

Drummond. 
Ba^al   series  of  Cambrian  rocks  in 

Acadia,  Matthew. 
Prairies  of  Manitoba,  Drummond. 
Sponges  from  Quebec  group  at  Little 

Metis,  Dawson,  J.  W. 


Canadian  Record  of  Science,  voL  3 — 
Continued. 

Classification  of  Cambrian  of  Acadia, 
Matthew. 

Fossils  from  Utica  at  Point  h  Pic, 
Canada,  Aml 

Graptolites  from  Dea^e  River,  British 
Columbia,  Lapworth, 

Great  lake  basins  of  Canada,  Drum- 
mond. 

Origin  of  some  geographical  features 
in  Canada,  Bell. 

Relations  between  geology  of  Maine 
and  New  Brunswick,  Bailey. 

Cretaceous  plants  from  Port  McNeill, 
Vancouver  Island,  Dawson,  J.  W. 

Archean  plants  from  limestone  of  Sus- 
sex County,  New  Jersey,  Britton. 

Canadian  rocks  containing  scapolite, 
Adams  and  Lawson. 

Eozoon  Canadense,  Dawson,  J.  W. 

St.  Lawrence  basin  and  the  Great 
Lakes,  Spencer. 

Great  Lake  basins  of  the  St.  Law- 
rence, Drummond. 

BalaruB  in  Pleistocene  at  Riviere 
Beaudetto,  Dawson,  J.  W. 

Classification  of  Cambrian  in  Acadia, 
Matthew. 

Glaciation  of  eastern  Canada,  Ciial- 

MERS. 

Gypsum  in  northern  Manitoba,  Tyr- 
rell. 
CANNON.  George  L.,  jr.    Tlie  Qnate- 
nary  of  the  Denver  Basin. 

Colorado  Sci.  See,  Proc,  vol.  3,  pp.  48-70. 
1889. 

Description  of  a  seriefl  of  poBt-Tertiary  de- 
positii  and  eroaionn,  and  discnsaion  of  their 
history. 

On  the  Tertiary  Dinosauria  found  in 

Denver  beds. 

Colorado  Sci.  Soc,  Proc,  vol.  3,  pp.  140-147. 
1880. 

luclndea  references  to  the  general  f^eologio 
relations  of  the  rej^ion,  and  presents  evidence 
to  prove  .that  the  bnnes  were  foand  in  place. 

Carboniferous  (including  Permian). 
Alahamay    coal     fields,     Ashburnbr. 

Spencer,  J.  W. 
Arizona  J  Dutton.    Hex  rich.    Wendt. 
ArkansaSy  coals,  Asiiburngr.     Wins- 
low. 
age  of  crystalline  rocks,  Branner. 
northern  limit  of  Mosozoic,  Hay,  R. 
west  central,  Comstock. 
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Carboniferons— Con  t  i  r.  ned. 
CaU/omia,  Beckrr.    Dottoh.    Good- 

YKAR.    UaXKS.    IKKLAH.   WuiTING. 

Canada,  absence  on  At-ta-wa-pish-kat 
aad  Aibaoy  rivers,  li six. 

bowlder  in  Halifax  coal,  Spxkckr,  J. 

Cape  Breton,  Gilpin. 

coal-bearing  rocks,  Adams. 

Eozoio  and  Paleozoic  of  Canada, 
Dawson,  J.  M. 

ice  in  Carboniferous  period.  Pools. 

Moont   Stephen,   firitisb   Colombia, 

MCCONKSLL. 

New  Brunswick,  Bailrt. 

northern  part  of  Dominion,  Daw- 
son, G.li. 

northern  Vancouyer  Island,  Daw- 
son, G.  M. 

Noya  Scotia,  faults  and  foldings  of 
Picton  coal  field,  Gilpin. 

Nova  Scotia,  Gnysborongh,  Antigo- 
nisb,  and  Pictou   Flbtcukr. 

Nova  Scotia,  limestone  of  East  Kiver, 
Gilpin. 

Nova  Scotia,  Halifax  and  Colchester 
counties,  Honkyman.. 

Permian  moraine  in  Prince  Edward 
Island,  Bain. 

Rocky  Mon tains  near  the  SLst  paral- 
lel, McConnell. 

Yukon  expedition,  Dawson,  G.  M. 
Colorado f     Aspen    region,     Brunton. 
Emmons,  S.F.    Hbnrich.   Lakrs. 

SlVER. 

Eagle  County,  Tildbn. 

geology  of  Colorado   ore    deposits, 

Lakes. 
Leadville  region,  EifMONS,  S.  F.  Ihl- 

SBNQ.    Blow. 
iron  resources,  Chauvenbt. 
marbles  of  western,  Nbwberrt. 
mountain    opthrusts,     Uinta,    etc., 

WerrB,  C.  A. 
northwestern  coal  region,  Hewitt. 
oil  fields  of  Fremont  County,  Ihlsbng. 
oil  fields,  Newuriuiy. 
Ouray  County,  Kedzie. 
Rocky  Mountain  region,  Emmons,  8. 

F.    Hills. 
San  Juan  region,  Iulsbno. 
sylvan ite  mines,  Eno.  and  Mining 

Jour. 
Dakota,    Black    Hills,    C^ARPBNTBB. 

Crosby. 


Carboniferoas— Con  ti  n  ne4l . 
Georgia^  formation  of  coal  beds.  Ward- 
ropek. 
Geological  Survey,  Spencer,  J.  W. 
Idaho t  Caribou  Mountain,  Yan  Dib^t. 
nUnoia,  Fossil  fuels,  Comstock. 

Peoria  County, 'Chapman. 
Indiana,    Dauntless   core    drill.    Say- 
brook.    Eng.  and  Mining  Jouk. 
Keokuk    group    at    Crawfordsville, 

Beachler. 
Geological  Surrey  Report,   Brown. 
GoiiBY.   GoRBYandLEK.    Tuomp 
t-ojr,  W. 
Iowa,  chert  in  upper   coal    moasurea, 

Am.  Geologist. 
'eoal    measures   of    central    Iowa, 

Keybs. 
lower    Carbonic    gasteropoda   from 

Burlington,  Keybs. 
fossils    from   coal  measures  of  Des 

Moines,  Keyes. 
Johnson  County,  Webster. 
Muscatine  County,  Calvin. 
Soutbeastem  Iowa,  GrORDON. 
well  at  Davenport,  Tifka«*y. 
well  at  Washington,  Calvin. 
Kansat,  coal  measures,  Bailey,  E.  H.  S. 
Woostkr. 
coal    measures    of    Lyon     Coun tj, 
salt  beds  in  Permian,  Broadhbad. 

Kelly. 
gas  in  eastern  Kansas.  Hay,  R. 
geology  of  (lecture).  Hay,  R. 
history  of    geologic   work  in,  Hat 

and  Thompson. 
Leavenworth  well,  Jameson. 
Report  on  geology,  Hay,  R. 
region  south  of  the  Arkansas,  Cra- 

GIN. 

section  in  Wilson  County,  Hay,  R. 
Trias  of  Kansas,  Hay,  R. 
Keniuchf,  Bath,  Fleming,  Clark,  Lin- 
coin,    Mercer,    Montgomery,    and 
Washington  counties,  Linnby. 
coals.  Proctor. 

Elliott  County,  Crandall.    DitLRH. 
Jackson   Purchase   region,    Lough 

RIDGEt 

Letcher,  Harlan,  Leslie,  Perry,  and 
Breathitt  counties,  Hodgb. 

Lower,  north  fork,  middle  and  90uth 
forks  of  the  Kentucky,  Hodgb. 

Manon  County,  Knott. 
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CarboniferoiiB— Con  ti  u  iied. 
Kenittckjf — Coutinued. 
Nelsou  County,  Linnky. 
Pound  Gap  rej^iou,  Crandall. 
upper  Cumber]  and  valley,  McCreath 

and  d7nvilurr8. 
western  Kentucky  coals  and   cokes, 
Allan. 

MasMachusetts,  Kemp.    Shalbr. 
Maine,  Bailrt. 

Mexico,  GOODFELIX)W. 

Mi880urif  fcnn  of  ore  deposits  in  lime- 
stone, Hkxrich. 
eohiuodormata,  Kryes. 
history  of  Ozark  uplift,  Broadhead. 
Macon  County,  McGer. 
Sedalia,  Sampson. 
southwestern  Missouri,  Clerc. 
Montana,  form  of  ore  deposits  in  lime- 
stone,  Henrich. 
Gallatin  region,  Hayden. 
Nebraska,  soiln.  Hicks. 

well  at.  Lincoln,  Ritssrll,  F.  W. 
well  in  Pawnee  County,    Russell, 
F.  W. 

Neto  Mexico,  San  Pedro  copper  mines, 

Henrich. 
Zufli  plateau,  Duiton. 
New  York,  Genesee  sectioi^  Williams, 

H.  S. 

petroleum  and  gas  regions,  Ash- 
burner. 
Nomenclature  and  clasHfication,  report 
of  subcommittee  on  upper  Paleo- 
zoic, International  Congress  of  Ge- 
ologists, Stevenson. 
Ohio,  Berea  grit  in  northeastern,  Gush- 
ing. 

Berea  grit  oil,  and  gas,  Orton. 

geology  of  Ohio,  Orton. 

Licking  County,  Hbrrick. 

oil  and  gas,  Orton. 

Ohio  Valley,  Shalbr. 

Pittsburg  coal.  Brown. 

Pomeroy  and  Federal  Creek  coal  field  j 
Lovejoy. 

report  on  oil  and  gas,  Orton. 

Waverly  group,  Herrick. 
Oregon,  western,  Dutton.     Lano. 
Pennsylvania,  Bernice  anthracite  basin, 
Clagborn. 

Cambria  County,  Fulton.    Prossbk 
and  Harden. 

coal  at  Irwin,  Humphrkys. 

four  great  sandstones,  Claypolb. 


Carboniferous — Con  tiimed. 
Pennsylvan  ia — Con  ti  nned . 
history  of  rivers  and  valleys,  Davis, 

W.  M. 
Lehigb  River  section,  Hall,  F.  A. 

WiNSLOW. 

lower  Carboniferous,  Stevenson. 

materials  of  the  Appalachians,  Clay- 
pole. 

northern    Pennsylvania,   Williams, 
H.  S. 

oil  and  gas,  Carll. 

Pittsburgh  coal  bed  and  its  disturb- 
ances, Wasmuth. 

Pittsburgh  coal  region,  d'Invilliers. 

pyrite  in  bituminous  coal.  Brown. 

reports  on  anthracite  region,  HiLl, 
F.  A. 

section    of    Alleghany    Mountains, 
Fulton. 

Somerset  County,  Fulton.    Lesley. 
Prossrr. 

soutbtTn  anthracite  region   and  its 
disturbances,  Wasmuth. 

stratification    and    structure,    Was* 
muth. 

Waverly,  Bekchrr. 
Shade  hland,  fauna  and'flora,  Packard. 

conglomerates   in    New    England 
gneisses,  Hitchcock. 

report     on     geology,     Providence 
Franklin  Society. 

geoIog3'  of    Bristol  County,   Massa- 
chusetts, Shalbr. 
Tenneseeet    £ast    Tennessee    minerals, 

Cow  LAN. 

Tera«,  CuMMiNGS.     Hill,  R.  T.    Wal- 

COTT. 

Burnet  County,  Walker. 

coal  in,  Stkbruwitz. 

Colorado  River,  Hill,  R.  T. 

geology  of  Texas,  Hill,  R,  T. 

Mitchell  County,  Broadhead. 

northern  Texas,  Cummings. 

Permian,  Hill,  R.  T.    White,  C.  A. 

south  central  Texas,  OwBN. 

western  Texas,   Cummings.     Hill, 
R.  T. 
United  States,  Coals  of,  Ashdurner. 

Flora,  Lesquereux. 
Virginia,  Greenbrier  County,  Page. 

coals  of  southwestern,  Killbrew. 

lower  Carboniferous,  Stevenson. 

New  River  regiou,D'lNViLLiERS  and 
McCreatii. 
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Carboniferous— Cou  t  i  n  ued. 
Virginia — Coii  ti  n  nod . 
upper  Cuniberlancl  valley,  McCrbatu 
nml  d'In VILLI Kns. 
West     I'irginiaf    coal    from     Jefferson 
County,  aualvHis,  Whitkirld,  J.  E. 
Wgoming,   report  of  Territorial  Geolo- 
gist, RiCKETTS. 

CARLIf,  John  F.  The  oil  and  gas  re- 
gion. 

G-ool.  Sanrej  of  Fenn.,  Report  for  1886, 
part  2,  pp.  575-780,  pla.  1-5^  4  platea  in  pocket. 
1887. 

luoludesasaromaryofgoologicatruotureand 
review  of  strutigrapbyof  y«uango  oil  group 
and  overlyiDg  rucks,  illustrated  by  a  series  of 
columnar  sections  in  PenuMylvania  and  New 
York;  sivea  well  records  from  most  of  the  oil 
and  gas  counties  of  Pennsylvania,  West  Vir- 
ginia, Ohio,  and  New  York.  Accompanied  by 
a  geologic  map  of  south  western  Pennsylvania, 
by  d'lnvilliors,  with  columnar  sections  by 
Carll. 

[Natoral  gas  in  Pennsylvania.] 

XT.  S.  G-eol.  Stnrrey,  Mineral  Resoorcea, 
1887,  pp.  467-474.     ISHS, 

Abstract  from  Am.  Manufacturer,  Natural 
gas  supplement.    1886. 

CARPENTER,  Franklin  R.  Notes  on 
•the  geology  of  the  Bhick  Hills. 

Preliminary  report  of  the  Dakota  School  of 
Mines  on  the  geology,  mineral  resources,  and 
mills  of  the  Black  Hills  of  Dakota,  pp.  11-52, 
map.    1888. 

Abstract,  Am.  Qeologist,  vol.  3,  pp.  202-203. 
1889. 

Description  of  the  several  formations  and 
discnesions  of  their  relations,  tlio  ago  of  sub> 
divisions  of  Arcbean,  nature  of  tbo  granites, 
kkm\  the  goologio  history  of  the  history. 

—  Upon  the  mineral  resonrces  of  the 
Black  Hills,  their  character,  occurrence, 
and  extent. 

Preliminary  report  of  the  Dakota  School  of 
Mines  upon  the  geology,  mineral  resonrcea, 
and  mills  of  the  Black  Hills  of  Dakota,  pp. 
107-171.    1888. 

Abst  ract,  Am.  GS-eologist,  vol  3,  pp.  203-204, 
I  p.    1880. 

Includes  incidental  references  to  relations  of 
a880ciat«;d  crystalline  rocks  and  Potsdam  sand, 
stone,  origin  and  nature  of  the  granites  and 
ores,  building  stones,  limestones,  and  clays. 

—  Ore- deposits  of  the  Black  Hills  of 
Dakota. 

Am.  Inst.  Mining  Engineers,  Trans.,  vol. 
17,  pp.  670-598, 1  map.     1889. 

Includes  incidental  references  to  geologic 
relations  at  various  localities,  mostly  in  con- 
nection with  the  "Potsdam  Hanrlstoiie  ami  its 
Associated  iatmsivea."  Reproduces  a  colored 
map. 


Central  America,  ancient  footprint 
from  Nicaragaa,  Bkinton. 

Rha^tic  plants  from  Honduras,  New- 
berry. 

Rosario  mine,  Houdaras,  Leggbtt. 

Triassic  plants  from  Houdaras,  New- 
berry. 

Vertebrate  beds  in  Honduras,  Nasok. 

CHHTATiMERS,  R.  Report  to  accompnny 
quarter-sheet  maps,  3  SE.  and  3  SW. 
Sorface  geology.  Northern  New  Brans- 
wick  and  southeastern  Quebec. 

Canada  Gaol,  and  Nat.  Hist.  Surreys,  Re- 
port, 1686,  part  M,  pp.  39,  maps  6-7  in  atlas. 
1887. 

Abstract,  J6id.,part  A,  pp.  40-43. 

Description  of  supcrticial  formations,  ter- 
races,  and  other  ancient  drainage  and  shore 
features,  marshes,  flats,  and  glacial  strie, 
and  discussion  of  evidence  respecting  glaoia* 
tion  and  snbitidence  of  the  St.  Lawrence  val- 
ley below  Quebec,  and  the  glaciation  of  the 
Bale  des  Chaleurs  basin  and  Gasp6  peninsula; 
genetic  historj*  of  topographic  and  drainage 
features  of  the  region,  and  the  relation  and 
origin  of  the  drifta. 

On  the  glaciation   and  Pleistocene 

subsidence  of  northern  New  Brunswick 
and  southeastern  Qncbec. 

Canada,  lioyal  Soc.,  Trana.,  voL4,  sectioo 
IV,  pp.  130-145.    1887. 

Reviews  the  glacial  theory  and  the  hia- 
tory  of  glacial  phenomena  in  the  region.  Sum- 
mnrizes  facts  indicating  local  glaciation  in  the 
Baio  des  Chaleurs  district,  and  a  northwest- 
erly movement  of  local  glaciers  on  the  sontb> 
em  slope  of  the  SU  Lawrence  valley,  espec 
ially  in  the  area  between  Rivi6re  dn  Loup  and 
Metis,  the  terraces,  drift,  and  glaciation  of 
which  arc  described.  Discusses  the  amount, 
extent,  and  irregularities  of  Pleistocene  suIh 
sideuco  in  eastern  Canada. 

— ^  Glaciation  of  eastern  Canada. 

Canadian  Record  of  Science,  vol.  3,  pp.  319- 
833.    1889. 

Abstracts,  Geol.  Magazine,  III,  toI.  6^  pp. 
211-214.  1889.  Ottawa  Naturalist,  voL  3.  pp. 
111-112,  f  p.  1889.  (By  author.)  Am.  Geolo- 
gist, vol.  6,  pp.  240-244.    1890. 

K6snm6  account  of  glacial  phenomena  in 
the  region,  and  discussion  of  their  sSgnifi- 
cance. 

CHAMBERIiIN,  B.  B.  Minerals  of 
Staten  Island. 

New  York  Acad.  Sci.,  Trana.,  toI.  5^  pp> 

22a-230.     1887. 
Incidental  references  to  the  serpentines  and 

Triassic  traps. 


CHAMBERLIN,   T.   C.     Report 

\      ^IskcvQil  division. 


•    • 


DABTOir.] 


BECORb  OF  GEOLOGY  FOR  1887  TO  1889. 


47 


,,  T.  C— Continued. 

XT.  S  Gool.  Snrrej,  Sixth  Report,  J.  W. 
Pow«U,1884-'85,  pp.  33-40.     1885. 

Deacribea  the  re«Qlto  of  his  own  stadies  and 
thoce  of  his  assistants,  as*  follows:  1.  J.  B. 
Todd,  on  tiie  glacial  lake  of  the  BiiJoa  Hills 
region;  the  terraces  of  the  Missouri  and  Big 
SioQx  Rivers ;  the  oater  moraine  Arom  Kim- 
ball to  Wall  Lake,  and  the  second  moraine, 
firom  Canistoga  to  Mitohell ;  the  relation  of 
the  loess  to  the  glacial  drift  uid  evidence  of 
post-glacial  deformation  of  the  loess  surface, 
and  the  discovery  of  Pliocene  beds  at  Frank> 
fort,  Nebraska,  Niobrara  chalkstone  near 
Cuitou  and  north  of  Mitchelljbeds  of  siliceous 
floar  under  drift  on  Bazilo  River,  coal  in  up- 
per  Dakota  beds  at  Ponca,  and  several  Dakota 
sandstone  outcrops.  2.  R.  D.  Salisbury,  on 
the  driftless  area  of  the  Upper  Mississippi 
valley.  3.  G.  F.  Wright,  on  the  soathcrn 
boundary  of  drift  in  Illinois.  4.  G.  H.  Stoue, 
on  eskers  and  glacial  ion  in  Maine.  5.  W.  M. 
Davis,  on  druoilins  of  Massachusetts,  and 
glaciation  of  Moitot  Monadnock.  6.  I.  M. 
Bueli,  on  bowlder  trains  of  central  Wiscon- 
sin. 7.  D.  W.  Mead,  on  glacial  flood-plains 
and  the  terrace  systems  of  the  Chippewa  Val- 
ley of  Wisconsin.  And  his  own  work,  con- 
sisting of  a  reconnaissance  along  the  Cliicago, 
Milwaukee,  St  Paul  and  Omaha  Railroad  in 
northwestern  Wisconsin;  a  study  ol  the  south- 
eastern border  of  the  driftless  area;  and  a  trip 
through  southern  Iowa,  western  MLssourl. 
northeastern  Kansas,  and  westward,  and 
through  a  portion  of  the  Orange  sand  region. 
In  a  summary  of  the  results  of  this  trip  there 
are  discussed  the  non-moralnal  character  of 
the  drift  border  in  Nebraska,  Kansas,  and 
Missouri;  the  non-glacial  derivation  of  the 
Oraoge  sand,  the  pre-Champlain  age  of  the 
loess  of  the  Lower  Mississippi,  and  the  post- 
Quaternary  orographic  movements  indicated 
by  the  distribution  of  the  loess  and  the  rela- 
tions of  some  drainage  features. 

—  Note  respecting  the  term  Agnotozoio. 

Am.  Jour.  Sci.,  3d  series,  vol.  35.  pp.  254- 
255.    1888. 

Does  not  wish  name  retained  simply  be- 
cause first  proposed  by  him.  Accredits  the 
term  Keweenawan  to  Brooks  or  Brooks  and 
Pump<»lly. 

—  Report — division  of  glacial  geology. 

U.  S.  Oeol.  Survey,  Seventh  Report,  J.  W. 
Powell,  1885>'86,  pp.  76-85.    1888. 

A  general  soeount  of  the  various  investiga- 
tions and  their  progress,  including  references 
to  the  drift  limit  and  products  of  local  glacia- 
tion in  the  upper  Missouri  region;  glacial  fea- 
tavea,  old  lake  terraces  and  drainage  relations 
In  Montana  and  Idaho ;  observations  of  J.  E. 
Todd  on  limit*  of  drift  moraines,  strtas,  ter- 
noes,  old  lake  beds,  and  various  glacial  fea- 
tures in  soathern  Dakota,  position  of  drift 
loonier  in  east  central  Nebraska,  relations  of 


CHAMBERLIN,  T.  C— Continued, 
bowlder  clay  near  Berks,  Nebraska,  and  the 
relations  of  volcanic  ash  deposits  in  Seward 
County,  Nebraska;  studies  of  Warren  Up- 
ham  on  the  altitude  of  the  beaches  of  Lske 
Agassis;  work  of  George  H.  Stone  on  the 
gravel  deposits  and  osar  of  Maine ;  observa- 
tions of  N.  S.  Shaler  on  the  glacial  train  from 
Cumberland,  Rhode  Island,  origin  of  Karnes, 
and  the  course  of  the  ice  tlow  on  the  coast  of 
Maine  and  southeastern  Massachusetts,  and 
G.  K.  Gilbert's  studies  on  the  beaches  of  Lake 
Ontario. 

The  rock  scorings  of  the  great  ice 

invasions. 

n.  S.  Geol  Survey,  Seventh  Report,  J.W. 
PoweU,  1885-'86.  pp.  147-248,  PL  8.    1888. 

Geographic  distribution,  topographic  reli^ 
tions,  topography  as  afTccting  the  distribu- 
tion of  strie  and  couditiou  of  glacial  tlowage, 
cross  striation,  conditions  affecting:  scoring 
action  and  the  scorings,  method  of  determin- 
ing the  point  of  motion,  accompanied  by  map 
of  northern  United  States,  showing  distribu- 
tion of  glacial  drifts  and  stria). 

and  SALISBaRT,  R.1:).    Prelim- 


inary paper  on  the  driftless  area  of  the 
Upper  Mississipi  valley. 

U.  S.  Geol  Survey,  Sixth  Report,  J.  W. 
Powell,  1884-'85,  pp.  190-322,  pis.  23-29.     1885. 

Abstract,  Science,  vol.  10,  pp.  306-307.  1887. 

Am.  Geologist,  vol.  1,  pp.  122-125.    1888. 

Describes  the  togography,  geology,  erosion, 
drainage,  suiface  depo-nits,  and  circanvjacent 
glacial  phenomena,  tho  morainic,  the  attenu- 
ated till  and  bowlder  and  attenuated  drift 
borders*  Discusses  the  light  which  the  drift- 
less area  throws  upon  the  glaciiU  hiatory  of 
the  adjoining  region  <ind  the  sequence  and 
character  of  events  of  the  glacial  periods ;  the 
origin  and  relations  of  the  topographic  and 
drainage  features;  erosion;  nature,  origin, 
and  relations  of  the  loess  and  residuary  pro- 
ducts, and  the  origin  of  the  border  deposits. 
In  a  general  r^um6,  sketches  the  apparent 
history  of  the  region,  aud  reviews  the  causes 
to  which  the  driftless  area  is  due. 

CHAPIN,  J.  H.    The  Hanging  Hills. 

Meriden  Sci.  Assoc,  Trans.,  vol.  2,  pp. 
23-28.    1887. 

Describes  topographic  features  and  extent 
of  ridges  of  which  the  Hanging  Hills  are  a 
a  part,  and  calls  attention  to  some  contacts  of 
trap  and  sandstone.  Discusses  the  nature 
and  relative  ages  of  the  trap  sheets,  present- 
ing  some  evidence  which  is  thought  to  indi- 
cate intrusion. 

The  trap  ridges  at  Meriden  again. 

Meriden  Sci.  Assoc,  Trans.,  vol.  3,  pp.  34- 
86.    1888. 

Reference  to  their  extrusive  nature  and  the 
relations  and  significance  of  the  associated 
athbed. 
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CHAPMAN,  W.  H.  Geology  of  Peoria 
Couuty. 

Peoria  Sci.  Assoc.,  Bnll.,  toL  1,  pp.  14-Si. 
1887.  '' 

Not  seen. 

China,  Kaiping  coal  mine,  Kwokg  Yung 

KWANG. 

CHATARD,  Thomas  M.  The  gneiss 
danyte  contacts  of  Corandum  Uill, 
North  Carolina,  in  relation  to  tbe  origin 
of  corundum. 

U.  S.  Oeol.  Snrrof,  Boll.,  voL  7,  pp.  45-48, 
No.  42.    1887. 

Abstract  Eng.  and  Mining  Jonr.,  toL  48, 
p.  46,  i  ool.,  40.    1888. 

Inoiaiies  a  desoription  and  aoalysea  of  the 
rocks  and  a  discussion  of  tbeir  cbemie  rela- 
tions and  tbe  origin  of  tbe  dnnyte. 

The  peridotite  of  Elliott  Connty, 

Kentucky. 

U.  S.  GeoL  Snrrvir,  Ball.,  toL  7,  pp  136- 
137,Na42.    1887. 
Analyses  of  dike  and  associsted  rocks. 

— —  Yellowish  brown,  kaolinized,  de- 
composed trap  from  fonr  miles  west  of 
Banford,  North  Carolina. 

XT.  S.  aeol.  Snrrej,  BnlL,  toI.  7,  p.  138,  i  p., 
Ko.  42.    1887. 
Analysis. 

Mica  andesite  from  a  cafion  on  the 

east  side  of  San  Mateo  Mountain,  New 
Mexico. 

U.  S.  Q^eol.  Surrey,  Bnll.,  toL  7,  p.  139,  i  p., 
Ka42.    1887. 
Analysis. 

— —  Hypers thene  andesite  from  San 
Francisco  Mountains,  Arizona. 

U.  8.  Qeol.  Surrey,  Bnll.,ToL7,p.  139,|p. 
Ko.42.    1887. 
Analysis. 

Basalt  from  six  miles  northeast  of 

Grant,  New  Mexico. 

V.  S.  Geol.  Surrey,  Bull.,  toL  7, p.  140, }  p., 
No.  42.    1887. 
Analysis. 

-~—  Yellow  sandstone  from  the  Armejo 
quarry,  Colorado. 

U.  S.  Oeol.  Surrey,  Bull.,  voL  7,  p.  141,  ^  p 
No.  42.    1887. 
Analyses. 

CHAUVBNBT,    Regis.     Preliminary 
notes  on  the  iron  resources  of  Colorado. 
Oolorado  School  of  Mines,  Report  of  field 
work  and  analyses,  1886,  pp.  &-16.    1888. 

Includes  very  brief  descriptions  of  iron-ore 
)>ed9  In  Cretaceous,  Carboniferous,  Siloriam 
|iid  crystalline  formations. 


CHEBTER,  Frederick  D.  The  State 
line  serpentines  and  associated  rocks; 
a  preliminary  notice  of  the  serpentines 
of  Bontheastem  Pennsylvania.  [Ab- 
stract.] 

Am.  Assoc.  Adr.  Scienoe,  Froc,  roLU,  p. 
284.    1888L 

Petrograpbio  ebaracterlsUea  and  reUtkas 
of  TariouB 


CHICKERIKG,  J.  W.,  Jr.     The  Mair 
glacier,  Alaska. 

8ci.  Am.  Snpt.,  toL  26,  pp.  1078^10790,  Nsl 
07Mp..folio.    188a 

[Read  to  Washington  Philooophlcal  Sodaty 
May,  1887.] 

Referenee  to  eridenoea  of  glacial  action  on 
the  sbor^  of  Glacier  Bay. 

CHISBd;  Richard  E.    The  drainage  of 
the  valley  of  Mexico. 

Bng.  and  Mining  Jour.,  toL  46^  pp.478^A80, 
600-501, 522-<524.    40.    188& 

Inolades  a  brief  geologic  sketch  on  psge 
479;  refereDoe  to  Tolcanic  rocka,  metamorphie 
Mesosoio  limestones,  and  emergence  of  the 
Talley. 

The  Catorce  mining  district. 

Eng.  and  Mining  Jour.,  toL48v  pp.  a40-3IX 
88»-389«'476-478.    1880. 

Includes  a  brief  general  description  of  the 
geology. 

Sierra  Mojada,  Mexioo. 

Am.  Inat.  Mining  Engineera,  Trans.,  toL 
16,  pp.  642-587,  map.    1887. 

Describeo  very  briefly  the  relations  sod 
structure  of  the  supposed  Cretac^oos  lime* 
stones,  and  (p.  37)  states  his  opinion  in  regsrd 
to  the  formations  on  the  eastern  slope  of  the 
iSierra  Hadm. 

CHISOIiM,  Frederic  F.  The  Elk  Head 
anthracite  ooal  field  of  Eontt  Coon^, 
Colorado. 

Colorado  Sci.  Soo.,  Proo.,  toL  S;  pt.2,  pp. 
147-140.    1887. 

Describes  coal  beds  in  Fox  Hill  rocks  baked 
into  anthracite  in  places  by  a  flow  of  **  nephe- 
line  tephrite,"  which  ooYors  the  a^aoaal 
country. 

Cincinnati  Society  of  Natural  Histozy, 
Journal,  voL  10. 
Well  at  Oxford,  Ohio,  Jamxs. 

voL  11. 

Drift  in  yioinity  of  -Cincinnati. 

BUBKB. 

Ancient  channel  of  the  Ohio  at  Cin- 
cinnati, James. 

iTorydale  woU  in  Mill  Creels  TOllQ^f 
Jambs, 
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Ciucinnati  Society  of  Natural  History, 
Journal,  voL  12 — Continued. 
Seiliaiontatiou  in  Cincinnati  group, 

Jamks. 
Devonian   iilants  from  Ohio,   Nkw- 

BBUKY. 

CLAGHORN,  Clarence  R.  Notes  on 
the  Bernice  anthracite  coal  basin,  Sul- 
livan Connty,  Pennsylvania. 

Am.  Inst.  Mining  Engineers,  Trans.,  vol. 
17,  pp.  606-616.    1889. 

Reference  to  jceologic  relations  and  struc- 
ture. 

Clf  ARK,  E.  S.  Some  norytes  and  gab- 
bros.  See  HERRI  CK,  C.  L.,  and 
DEMING,  J.  L. 

CLARK,  William  B.  Anew  ammonite 
which  throws  additional  light  upon 
the  geological  position  of  the  Alpine 
Rhsetic. 

Am.  Jour.  Sci.,  3d  series,  voL  35,  pp.  118- 
119.    1888. 

References  to  Tjrolesn  formations  and  dis* 
cossion  of  position  of  Rh»tio  beds. 

On  three  geological  excursions  made 

during  the  months  of  October  and  No- 
vember, 1S87,  into  the  sonthern  coun- 
ties of  Maryland. 

Johns  Hopkins  UniT.,  Oircnlars,  voL  7,  pp. 
65-67,^^0.63,  40.     ]888. 

Stratigraphio  description  and  lists  of  fossils 
of  Miocene  and  Eocene. 

—  Discovery  of  fossil-bearing  Creta- 
ceous strata  in  Anne  Arundel  and  Prince 
George  counties,  Maryland. 

Johns  Hopkins  TTniv.,  Oircnlars,  voL  8,  No. 
69.  pp.  20-21,  40.    1889. 

Description  of  a  number  of  localities  in  the 
banks  and  vicinity  of  the  Severn  River  south 
of  Bowie,  and  at  Fort  Washington  on  the 
Potomac  Lists  of  fossils  and  expreMiou  of 
opinion  in  regard  to  equivalency  of  the  beds. 

CLARKE,  F.  W.  Fulgurite  from 
Whiteside  Connty,  Illinois. 

U.  8.  Oeol.  Snz  -ey,  Bnll.,  roL  7,  p.  140,  i p., 
No.  42.    1887. 
Analyses. 
-— —  Blue  and  bnfif  limestones  from  quar- 
ries of  the  Hoosier  Stone  Company, 
Bedford,  Indiana. 

U.  S.  Oeol.  Survey,  Boll.,  vol.7, pp.  140-141, 
i  p..  No.  42.    1887. 
Analyses. 

—  Volcanic  dust. 

XT.  S. Oeol.  Snrrey,  Bull.,  vol.  7,  pp.  141, 142, 
I  p.,  No.  42.    1687. 

Analyses:  FTom  Gallatin  Valley,  Montana, 
aad  month  of  Baailo  Creek,  Nebraska. 

BuU.  76 4 


CIiARKE,  F.  W.— Continued. 
Three  coals  from  Gulf,  North  Caro- 
lina. 

U.  S.  Oeol.  Survey,  Bull.,  vol.  7,  p.  140,4  Pm 
No.  42.     1887. 
Analyses. 

Some  nickel  ores  from  Oregon. 

Am.  Jour.  Sci.,  3d  series,  vol.  35,  pp.  483-488. 
1888. 

Includes  an  analysis  of  the  associated 
peridot] te  and  a  report  on  its  miueralosio 
GOLstitutcnts  by  J.  S.  Diller.  Also  a  rufefunce 
to  the  puiidotite  of  Webster,  North  Carolina, 
by  J.  S.  Diller. 

CLARElXi,  J.  M.  [Sink  holes  at  Attica, 
Wyoming  County.] 

New  York,  Sixth  Report  of  the  Oeologist, 
1886,  pp.  34-35.    1887. 

Describes  two  sink  holes  in  one  of  which 
mastodon  remains  were  found. 

CLA7POLB,  £.  W.  The  lake  age  in 
Ohio,  or  some  episodes  in  the  retreat  of 
the  North  American  glacier. 

Edinburgh  Oeol.  Soc,  Trans.,  vol  5,  pp. 
421-458, 4  plates.    1887. 

Abstracts,  American  Nat.,  vol.  22,  p.  152,  | 
p.  1888.  Am.  Oeologist,  vol.  1,  pp.  63-64. 
1888. 

Fopnlar  Science  Monthly,  vol.  33,  pp. 
428-429.    1888. 

Points  out  the  consequences  of  a  glacial 
dam  across  the  Ohio  and  the  probable  size,  out- 
let, duration,  dissolution,  and  deposits  of  the 
"Lake  Ohio"  to  which  it  j^ave  rise.  Follows 
the  retreat  of  the  glacier  to  the  borders  of  Lake 
Erie  and  describes  a  series  of  lakes  which 
must  then  have  extended  trom  the  glacier 
front  southward  to  the  divide  and  emptied 
into  affluents  of  the  Ohio.  Discusses  tho  rela- 
tion of  theso  lakes  to  each  other  at  their  sev- 
eral stages,  and  to  the  a<Uacent  and  subse- 
quent drainageand  topography.  Considers  the 
extent  and  history  of  the  successive  drainage 
channels  of  the  glaolal  Lake  "  Erie-Ontario." 

The  materials  of  the  Appalachians. 

Am.  Naturalist,  toL  21,  pp.  955-862, 1054- 
1060.    1887. 

Discusses  the  amount,  thinning,  oharacter, 
and  origin  of  the  Paleozoio  sediments  in  Penn- 
sylvania, calling  attention  to  tho  present 
small  areas  of  pre-Paleozoio  recks  and  discuss- 
ing its  probable  former  extent  and  the  promi- 
nent presence  of  the  quartzose  rocks  which 
supplied  materials  for  the  conglomerates  and 
sandstohes.  Describes  the  extent,  variations 
in  thickness  and  coarseness  of  materials  in 
the  several  sandstone  series,  and  advances  a 
hypothesis  of  successive  uplifts  of  quartzose 
"Archean"  rocks  at  the  beginning  of  the 
deposition  of  each  of  these  series.  Discusses 
the  position  and  character  of  these  uplifts  and 
the  mode  of  deposition  of  the  MdkoMBXau 
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E.  W. — Continncd.  j 

—  *'Lake  Cuvabo^."  a  stndv  id  glacial 
geology. 


Adv.  %nrwn,  Pvoc,  toL  91,  pw 

AbMnct.      Paper   ia   full   ia  EdisbiiTsh 
G«oL  Soc.  Truu^  IS97,  aa  described  abore. 

—  The  foar  great  taodstoncs  of  Penn- 
sylrania.     [Abstract.] 

PxoCy  Tol.  36,  pu 


227.4  p. 

Diacnnww  the  origia  and  modr  of  deptMztioa 
of  the  materiala  and  tike  location  of  thb  land 
from  vhieb  thej  vere  derired. 

Singular   sabterranean    commotion 

near  Akron,  Ohio. 

AiB.Gealosiat,ToLl,ppLlM-19S.    188B. 
Indatlea  reference  to  pre-^Lacul  railey  nov 
oecviried  by  the  Tnacaroiaa. 

On   some   investigations  regarding 

the  condition  of  the  interior  of  the 
earth. 

Am^  Ooologlat,  toL  1,  pp.  382-381^  toL  2,  pp. 
28-35.    1888. 

Abstract,  Britiah  Assoc.  Adr.  8cL,  Report 
of  flfly-oigiith  meotiaf ,  pp.  tW9-670.    1889. 

Exposition  and  discofsion  of  a  psper  bj 
Hr.  DaTison. 

^— The  eccentricity  theory  of  glacial 
cold  yersos  the  facts. 

Edinboinslt  GooL  8oc.,  Trans.,  toL  S^  pp. 
534-54&    1888. 

Inclades  diMossion  of  the  rate  of  reoeaaion 
of  Kiacara  Falls,  the  falls  of  St  Anthony,  and 
▼ariooB  minor  falls  in  Hew  York  and  Ohio,  aa 
bearing  on  «he  date  of  the  last  period  of 
l^acial  cold.  Also  discusses  the  history  of 
the  Kiagaca^t.  Lawrence  drainage  and  the 
Upper  HississippL 

Glaciers  and  glacial  radiants  in  the 

ice  age. 

Am.  Geologist,  roL  3,  pp.  73-M.    1889. 
A  general  discossion   of  the  conditions, 
extent,  and  results  of  glaciation  in  Korth 
America  and  elsewhere. 

The  story  of  the  Mississippi-Missonri. 

Am.  Geologist,  toL  3,  pp.  361-377.    1888. 

A  general  sketch  of  the  geologic  history  of 
Korth  America  with  especial  reference  to  the 
Hississippi-Missoori  region. 

^—  Falls  of  rock  at  Niagara. 

Vatnre,  toL  39,  p.  867,  |  eol.    1889. 

Cites  newspaper  acconnts  of  the  fUl  of 
great  masses  from  the  edge  of  the  shelf  over 
which  Niagara  falls,  and  expresses  opinion  in 
regard  to  the  mean  rate  of  recession. 

CLA7TON,  Joshua  £.  The  Drnm- 
Inmmon  gronp  of  yeins  and  their  mode 
of  formation. 


drATTOH,  Joahoa  £. — Contioned. 

Eng.  and  Bfhihig  Jo«r.,  voL  iA,  pp.  85-8^ 
li<-:v-    4=.    1&8& 

Extract  frooi  report  to  Montaaa  Conpaay 
of  Loadem. 

Deecriptsoa  of  geoUngtc  rdationa  at  coauct 
of  gruute  and  aiecaaMv^ue  beda.  Diacus 
fiion  of  the  origin  aad  liialaty  of  tlM  mineiaU. 


The  Coeor  d'AIene  stiver-lead  mines. 


Eag.  and  MuiiBg  Jov.,  toL  45,  pp^  106-lM, 

Dcacnptioa  of  geology  of  region  and  discas- 
sioB  of  stractoral  relatioaa. 

ICImERC,  F.  L.]     The  lead  and   zinc 
ores  of  soathwest  Hissoari. 


Bag.  aad  Mining  Joto-.,  voL  43;  ppw  VJ-9K, 
1887. 

(From  a  pamphlet  not  seen.) 

Diaco^sea  age  and  origin  of  tdate  beda  lade- 
preeaiMis  in  sor&oe  of  Carbonifieroaa  Hbm- 
stones  and  the  erosion  of  the  r^on. 

CIbIFFORD,  William.    Richmond  coal 
field,  Virginia. 

Hanchester  GooL  Soc,  Tiana.,  voL  IS^pp. 
826-353,  pla.  1-5,  pp.  431-433.    1888. 

Review  by  F.  H.  KeweU,  GooL  Magazine, 
m,  voL  6,  pp.  137-13a    1889. 

General  description  of  the  stmctnre  and 
stratigraphy  of  the  field,  inclnding  nomerom 
quotations  from  previoos  writers.  IKacossion 
of  the  crigin  and  extent  of  the  ooal  and  coke, 
and  relation  of  the  ooal  measnres  to  adjoining 
formations,  accompanied  by  mapa  and  sec- 
tions at  Clover  Hill,  Midlothian,  BhKsk  Heath, 
and  Deep  Ban. 

COItXSMAN,  A.  P.    Microscopic  petro- 
graphy of  the  drift  of  central  Ontario. 

Canada,  Royal  Soc.,  Trana.,  voL  5,  seetioa 
UI,  pp.  45^59,  pis.  1,2, 40.    1888. 

Abstract,  Canadian  Recozd  Science,  vol  2; 
p.435.ip.    1887. 

Preceded  by  a  brief  gmeral  description  of 
the  drift  in  which  the  deaciibed  rocks  oocor. 

COLIiINS,  J.  H.    On  the  Sndbnry  cop- 
l>er  deposits. 

Geol.  Soc,  Quart.  Jour.,  vol  4<  pp.  834- 
838.    188& 

Inclades  brief  description  of  geologic  rela- 
tions. Discosses  origin  of  the  deposits  and 
their  relations  to  the  igneoos  rocks. 

Colorado^    age   of  Denver    formation, 

COPB. 

analyses  of  Leadville  rocks  and  ores, 

HiLLEBRAND. 

Aspen  Moontain,  Brunton.     Hbr- 

RICK.      LAlKBS. 

Aspen  ore  deposits,  Siybr. 
Boulder  County  Yeins,  Yak  Dibst. 
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Colorado — Con  tin  ned. 

Butte  Mountain,  Eagle  County,  Ol- 

COTT. 

coals,  AsHBURNER.    Newbkrry. 
coal  field  of  Crested  Butte,  I^akbs. 
Cimarron  land  slide,  Cross. 
classification  of  Middle  Cretaceous, 

Eldridge. 
Cretaceous,    EiJ> ridge.      Emmons, 

S.  F.    Ward. 
Cretaceous    of    Gunnison    County, 

Hills. 
dinosanria  of  Denver  beds,  Cannon. 
Eagle  County,  Tilden. 
Elk  Head  coal,  Chisolm. 
eruptive  rocks  from  Custer  County, 

Cross. 
eruptions  of  Spanish  Peaks  region. 

Hills. 
fossil  plants  from  Golden,  Le  Conte. 
gas  in  Pitkin  County,  Hills. 
geology  of  ore  deposits,  Lakes. 
geolog}'  and  mining  industry  of  Lead- 

ville,  Emmons,  S.  F. 
glaciers    in  the    Rocky    Mountains, 

Emmons,  S.  F. 

hot  springs  formations,  Comstock. 

infusorial  earth  in  Denver,  Headden. 
Jurassic,  Cope. 

Jurassic  and  Carboniferous  uncon- 
formities, Emmons,  S.  F. 

living  glacier  on  Hague's  Peak, 
Stone. 

Mesozoic  of  southern  Colorado,  Stev- 
enson. 

mineralogical  notes,  corundum 
schists,  Smith,  VV.  B. 

mountain  npthrusta,  Uinta,  etc., 
White,  C.  A. 

northwestern  coal  region,  Hewitt. 

notes  on  Leadville,  Ihlsbng. 

oil  fields,  Newberry. 

oil  fields  of  Fremont  County,   Ihl- 

SENG. 

ore  chutes  of  Iron  Hill,  Leadville, 

Blow. 
ore  deposits,  Emmons,  S.  F. 
orrs    of     Red     Mountain      region, 

SCHWARZ. 

Ouray  County,  Kedzie. 

origin  of  ore  deposits  near  Ouray, 

Endlich. 
paleontologio  notes,  Boulder,  Stan- 

TOK. 


Colorado — Con  tin  ued. 

paramorphic  origin  of  certain  miner- 
als. Cross. 

phonollte.  Cross. 

primary  quartz  in  basalt,  Iddings. 

Quaternary  of  Denver  basin,   Cam- 
eron. 

relations  of  Laramie  group,  White, 
C.A. 

Rocky  Mountains  a  field  for  original 
work.  Hills. 

sandstone  from  Armejo  quarry,  an- 
alysis, Chatard. 

San  Juan  region,  Ihlsbng. 

structural  relations  of  ore  deposits, 
Emmons,  S.  F. 

Sylvan ite  mine,  Eng.  and  Mining 
Jour. 

Tertiary,  Cope.    Emmons,  S.F. 

Tertiaries   of  the   Huerfano    River 
basin.  Hills. 

Trinidad  coal  region,  Lakes. 

upper  Eocene  lacustrine  formations, 
Scott. 

vertebrate  fauna  of  Pueroo   epoch. 
Cope. 

volcanic  craters,  Van  Diest. 
Colorado  Scientific  Society,  Proceed- 
ings, vol.  2. 

Boulder  County  veins,  Van  Diest. 

Cimarron  landslide.  Cross. 

Circulation  of  water  in  coal  meas- 
ures, Gunnison  County,  Hills. 

Colorado  ore  deposits,  Emmons. 

Elk  Head  anthracite,  Chisolm. 

Natural  gas  in  Pitkin  County,  Hills. 

Topaz  and  garnet  in  rhyolite.  Cross. 

Mineralogical  notes,  Smith,  W.  B. 

Phonolite  from  Colorado,  Cross. 

Paramorphic  origin  of  certain  min- 
erals, Cross. 

Infusorial  earth   in   West    Denver, 
Hadden. 

Paleontological  notes,  Stanton. 

Origin   of  fissure    veins,    Emmons, 
S.F. 

Glaciers  in   the  Rocky    Mountains, 
Emmons. 

Eruptive  rocks  from  Custer  County, 
Colorado,  Cross. 

Notes  on  Aspen,  Colorado,  Emmjns, 
S.F. 

Address  of  retiring  president,  Yak 
Diest. 
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Ck>lorado  Scientific  Society,  Proceed- 
ings, voL  3  part  1 — Cootinaed. 
Colorado   volcanic    craters,   Van 

DiEST. 

Eruptions  of  Spanish  Peaks  region, 

Hills,  R.  C. 
Quaternary  of  Denver  basin,  Can- 

NOX. 

Ores  of  Red   Mountain    district, 

SCIIWARZ. 

Features  of  country   about  Denver, 

Colorado,  Eldridgr. 
Denver  Tertiary  formation.  Cross. 
Tertiary  Dinosauria  found  in  Denver 

be<is.  Cannon. 
Tertiary   beds   of    Huerfano    River 

basin,  Colorado,  Hills,  R.  C. 
Address:  Field  for  original  work  in 

the  Rocky  Mountains,  Hills,  R.  C. 

Colorado  State  School  of  Bffines.  Re- 
port of  field   "work   and  analysesi 
1886. 
lion    resources  of  Colorado,  Chau- 

VENET. 

Mining  interests  of  San  Jaan  region, 

Ihlsenq. 
Oil  fields  of  Fremont  County,  Ihl- 

SENG. 

Trinidad  coal  region,  Lakes. 

Coal  field  of  Crested  Butte,  Lakks. 

Biennial  Report,  1886. 

Resources  of  Boulder  County,  Van 

DiBST. 

Aspen  mining  region,  Lakes. 
Eagle  County,  Tilden. 
Annual  Report,  1887. 


Notes  on  Leadville,  Ihlseng. 
Developments  at  Leadville,  Blow. 
Geology  of   Colorado    ore   deposits, 
Lakes. 
COLTON,  Henry  E.    Notes  on  the  to- 
pography   and    geology    of   western 
North  Carolina — The  Hiawasse  Valley. 

Am.  Inst.  Mining  Engineers,  Trans.,  vol. 
16,  pp.  830-851,  plate.    1888. 

locludee  iocidental  references  to  the  lime- 
stones and  qnartzites. 

COMSTOCK,  Theodore  B.  The  fossil 
fuels  of  Illinois  and  their  exploitation. 

Sng.  and  Mining  Jour.,  vol.  44.  p.  24.    40. 
1887. 
Eoonomlo. 

— ^  Notes  on  the  region  north  of  the 
Vermilion  Lake  district  in  British 
Columbia. 


COMSTOCK,  Theodore  B.— Continued. 
Am.  Inst.  Mining  Engineers,  Trans.,  vol 
le.  pp.  lOO-lil.     1S87. 
Refereocea  to  glacial  featarea. 

A  preliminary  examination  of  the 

geology  of  western  centr.1l  Arkansas. 

Arkanaaa  Geoi.  SmnrcT,  Report  for  1888, 
voL  1,  pp.  1-320,  2  maps.    \WS. 

Description  of  formations  aud  ^tnicture 
and  incidental  discossions  of  eqiiiTalencv, 
position,  and  origin  of  some  of  the  members, 
relations  of  faults  and  flexnroa,  aud  tbe 
genesis  of  ore  deposits. 

Hot  spring  formations  in  Red  Moun- 
tain district,  Colorado;  a  reply  to  the 
criticisms  of  Mr.  Emmons. 

Am.  Inst.  Bdnlng  Engineers,  Trans.,  vol* 
17,  pp.  281-2*4.    1P89. 

Cititions  from  his  own  paper  auid  from  Em- 
mons's, commentsand  discussion  of  the  status 
of  the  latter. 

Connecticut,  ash  bed  at  Moriden,  Davis, 
W.  M. 
faults  near  Meri  den,  Davis,  W.  H. 
flnviatile  swamps  of  New  England, 

SlIALKR. 

fossil  fishes  and  plants  from  Trias, 

Newberry. 
great  bowlders.  Hubbard. 
Hanging  Hills,  Chapin. 
intensity    of    metamorphism    [near 

New  Haven],  Dana,  J.  D. 
map  of  vicinity  of  New  York  City, 

Martin. 
strncture  of  trap  ridges,  Davis,  W.M. 
Taconic  system  of  Emmons,   Wal- 

COTT. 

trap  riiges  at  Meriden,  Chapin. 

traps  of  East  Haven-Bran tford  re- 
gion, HOVEY. 

Trias,  Chapin.  Davis,  W.  M. 
Davis,  C.  H.  S. 

traps  of  Connecticot  Valley,  Davis 
and  Whittle. 

topographic  development  of  Trias, 
Davis,  W.  M. 

COOK,  George  H.  Archeau  or  primitive 
rocks. 

Q^eol.  Surrey  of  New  Jersey,  Report  of  the 
aeologist  for  1886,  pp.  70-74.    1887. 

General  description  of  the  topographic  and 
stmctnral  feAiures  of  tbo  orystallino  rocks  of 
the  Highlands  of  New  Jersey ;  introdnctory 
to  Britten's  report. 

[ ]  Triassic. 

Q-eol.  Snnrey  New  Jersey,  Report  of  the 
Oeologiat  for  1886,  pp.  128-127.    1887. 
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COOK,  Goorge  II. — CoDtinaed. 

Reviewed,  Soience,  vol.  9,  pp.  595-596.    1887. 

Reviews  Roger's  theory  of  inclined  deposi- 
tion and  Rassell's  theory  of  continuity  in 
depoHition  of  the  New  Jersey  and  Connecti- 
cut Valley  areas.  Discusses  the  occurrence 
and  effects  of  faults,  th^  relations  of  the  ig- 
neous rocks  in  opposition  to  the  theory  of  ex- 
trusion, and  the  structural  relations  of  the 
New  Jersey  and  Connecticut  Yalley  areas. 
Postulates  some  working  hypotheses  for  the 
study  of  the  fbrmation. 

[ ]  Surface  geolopfy. 

aeol.  Survey  of  Now  Jtrssy,  Report  of  ths 
Geologist  for  1886,  pp.  127-129.    1887. 

Introductory  to  Merrill's  report  on  the  yel- 
low gravel ;  describes  its  distribution,  char- 
acter, and  relations  to  associated  formations. 

[ ]  MiuiDg. 

Gool.  Surrey  of  New  Jersey,  Report  of  the 
Geologist  for  1886,  pp.  135-154.    1887. 

Describes  some  geologic  features  in  several 
magnetite  mines,  and  at  the  hematite  mine  on 
Marble  Mountain,  Warren  County. 

[ ]  Green  sand  marla. 

Geol.  Survey  of  New  Jersey,  Report  of  the 
Geologist  for  1886,  pp.  154-210.    1887. 

Reprinted  from  the  report  of  the  State  Ge- 
ologist to  the  State  Board  of  Agriculture  in 
1876.  Statements  in  regard  to  geographic  ex- 
toot,  geologic  structure,  thickness,  age,  com- 
position, day  marls,  red  sand  bed,  and  use,  and 
detailed  descriptions  of  openings  in  the  mid- 
dle and  upper  marl  beds. 

[ ]  Geologic  surveyB. 

Geol.  Survey  of  New  Jersey,  Report  of  Ge- 
ologist for  1887,  pp.  20-23.    1887. 

General  description  of  the  subdivisions  and 
structure  of  the  Archean,  with  an  abstract  of 
Britten's  report  on  field  work  of  J  887.  Refer- 
enco  to  the  extension  of  the  Cretaceous  mem- 
bers locally  known  as  the  sand  hilla. 

Artesian  wells. 

Geol.  Survey  of  New  Jersey,  Report  of  Ge- 
ologist for  1887,  pp.  25-27.     1887. 

Includes  reference  to  wells  in  red  sandstone 
near  lloboken,  and  through  clay  to  gneiss  at 
Sayrevilleb 

Report  of  the  subcommittee  on  Mes- 

ozoio. 

International  Congress  of  Geologists,  Am. 
Committee  Reports,  1888,  £,  pp.  3-7. 

Am.  Gsologist,  vol.  2,  pp.  257-261.    1888. 

Reference  to  position  and  characteristics  of 
the  Trias  and  Cretaceous  of  the  Eastern  United 
States,  absence  of  separable  Jurassic,  and  use 
of  terms  gioup  and  series.  Includes  tables 
of  opinions  in  resrard  to  equivalency  of  Trias 
of  New  Jersey,  Virginia,  and  North  Carolina, 
and  the  Cretiiceous  and  its  siibdivisiuus  in 
New  Jersey,  Alabama,   Mississippi,  Texas, 


COOK,  George  H.— Continued. 

int«rior  North  America,  and  the  Canadian 
Rocky  Mountains. 

On  the  International  Geologic  Con- 
gress and  our  part  in  it  as  American 
geologists. 

Am.  Assoc.  Adv.  Science,  Proe.,  vol.  87, 
pp.  15d-177.    1889. 

Abstract,  Science,  vol.  12,  pp.  9*2-03.     1888. 

Includes  a  brief  general  review  of  A  mcrican 
geology,  and  a  discussion  of  tho  principles  of 
geologic  claasitication  and  nomenclature. 

Geological  map  of  New  Jersey,  from 

original  surveys.  Scale,  5  miles  to  an 
inch.  1889.  Atlas  sheet  No.  20.  34  by 
25  inches. 

Colored  map  with  two  cross-sections.  Dif- 
fers  from  map  published  with  1882  report  aa 
follows:  Wider  extension  of  the  larger  coastal 
alluvial  areas,  outlying  area  of  Cretaceous 
(Potomacf)  near  Monmouth  Junction,  Hud- 
son  River  slates  area,  and  alteration  in  Tri- 
assio  boundary  near  Clinton  and  Brookville, 
additional  small  volcanic  areas  near  Beeraer* 
ville,  and  in  tlio  Triassic  region,  several  small 
crystalline  limestone  areas  near  Danville, 
northward  extension  of  the  First  Watchuug 
trap  area,  and  many  slight  local  corrections 
of  boundary  lines. 

[ ]  On  the  Triassic  or  red  sandstone 

rooks. 

Geol.  Survey  of  New  Jersey,  Reportfor  1888, 
pp.  U-IS.    1889. 

Statement  of  general  characteristics  of  the 
formation,  discussion  of  the  occurrence  of 
faults  and  expression  of  opinion  in  regard  to 
the  nature  of  the  trap  rocks. 

[ ]  Artesian  wells. 

Geol.  Survey  of  New  Jersey,  Report  for  1888, 
pp.  72-77.    1889. 

Gives  records  of  l,1&0-foot  well  at  Atlantic 
City.  380-foot  well  at  Sea  Island  City,  155  foot 
well  near  Marlton,  and  a  450-foot  well  in  Jer- 
sey City. 

COOPER,  J.  G.     Catalogue  California 
fossils. 

Oalifomia,  Seventh   Report  of  the   State 

Mineralogist,  pp.  22a-308.    1888. 

Compilation.  References  to  stratigraphio 
positions. 

COPE,  £.  D.     The  formations  of  the 
Belly  River  of  Canada. 

Am.  Naturalist,  vol.  21,  pp.  171-1 72.    1887. 

Abstract  (with  comments)  of  paper  by 
Qeorge  M.  Dawson  described  in  the  bil)liog- 
raphy  for  1886. 

The  Mesozoic  and  Conozoic  realms 

of  the  interior  of  North  America. 

Am.  Naturalist,  vol.  2U  PV-  <4&-4Aa.   V^v 
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COPEt  E-  D. — Continaed. 

0«n«nl  nrtow  of  tbe  dJstribntkm,  cbarac- 
toriatiM  and  •qairalency  of  tho  Mrenl 
groopo  aod  (beir  rabdiTioioiu  mmI  dJaeoMioD 
of  their  poleontoloxlc  Mid  ttratignpbie  ralA' 
tloBS.  BoTiews  Onbert  on  gUekJ  age  of  the 
Montana  eqana  beda. 

Mr.  Hill  on  the  CretaoeooB  of  Texas. 


[ 


Vatoraliat,  toL  21 ,  pp.  4a»-470.    1 B87. 
Objects  to  tho  new  nomonelatme  and  dia- 
coieee  the  probable  equivalency  of  some  of 
the  gronpt  and  labdiTisiona. 

^f]  [The  International  Congress  of 

Geologists.  ] 

Am.  HatoraliatfToL  21,  pp.  643-645.   1887. 

Diacmeea  tho  desirability  of  a  aniform 
■yitem  of  colors  and  nomenclatare,  and  the 
probable  general  synchronism  of  the  wider 
geologic  snbdirisions.  Qaotes  Powell's  letter 
on  tho  subject  and  adTanoes  some  objections 
to  its  recommendations. 

—  Synopsis  of  ttfe  vertebrate  fauna  of 
the  Paerco  series. 

Am.  Phil.  8oc.y  Trans.,  new  series, toL  16. 
pp.  298-361,  pis.  tv.v.    40.    1888. 

Prefatory  remarks.  Am.  Naturalist,  voL 
22,  pp.  lGl-163.     ]Hg8. 

Preceded  by  a  brief  description  of  tho  ex- 
tent and  general  relations  of  the  series. 

—  Mesozoic  realm. 

International  Congress  of  Geologists,  Am. 
Oommittee  Report,  1888,  B,  pp.  7-15. 

Am.  Geologist,  vol  2.  pp.  261-268.    1888. 

B6sum6  of  distribution,  general  relatibns, 
and  chaiaoieristics  of  tho  soTeral  formations, 
aod  discussions  of  age  and  eqnivalency. 

—  Report  of  the  sabcommitteo  on  the 
Cenozoic  (Interior). 

International  Congress  of  Geologists,  Am. 
Committee  Reports,  1888,  G,  p.  20. 
Am.  Geologist,  toI.  2,  pp.  285-289.  188& 
S6sum6  of  paleontologic  and  geologic  char- 
acteristics of  the  members  of  the  Cenosoic, 
and  a  discossion  of  their  ago,  range,  and 
eqniyaleocy. 

—  Vertebrate    fauna  of    the   Pnerco 
series.    [Abstract.] 

Science,  vol  11,  p.  198,  i  p.    1888. 
Read  to  National  Academy  of  Sciences. 
Incidentally  refers  to  position  of  Paerco 
beds. 

—  Sketches  of  the  Cascade  Mountains 
of  Oregon. 

Am.  Naturalist,  yoL  22,  pp.  996-1005.    1888. 

Scientific  Am.  Snpt.,  voL  27, pp.  10981-10982, 
(Ko.e87,)4o.    1889. 

Includes  sketcbes  of  yolcanic  history  of  the 
region  and  description  of  some  geologic  fea- 
tures in  the  vicinity  of  Crater  Lake  and  in  tk  e 
eafioD  of  the  Des  Chutes. 


COPE,  E.  D.— Continaed. 

The  age  of  the  Denver  formation. 

Science,  rol.  13,  p.  290.  ]  coL    1  ^83. 
Discussion  of  the  bearing  of  its  mammsliao 


—  The  rertebraie  faaoa  of  the  £<iiiii9 
beds. 

Am.  Ifatnralist,  voL  23,  pp.  161-165.  (Feb- 
ruary number.)    1889. 

List  of  species,  description  of  new  species 
from  Washington,  and  brief  discossiun  of  a«« 
of  Equns  beds. 

—  An  iqlerinediate  Pliacene  fanna. 


Am.  Naturalist,  roL  23.  pp.  253  -254.    1889. 

Kotioesofoocnrrenceof  mammalian  remains 
from  Oregon  and  di^cuission  of  their  age ;  also 
refers  to  age  of  some  Floridian  remains. 

Cornwall,  Royal  Geological  Society, 
Transactiona,  voL  11. 

Copper  mining  at  the  Cove,  New- 
fonndland,  Garland. 

C08TE,  £.  [Preliminary  report  on 
sheet  113,  Ontario.] 

Canada,  Gool.  and  Nat.  Hiat.  Surrey, 
Report,  1880,  part  A,  pp.  20-22.    1887. 

Includes  some  general  statements  in  regard 
to  relations  of  igneous  rooks  penetrating  the 
Archean. 

COURTIS,  W.  M.  The  Animikie  rocks 
and  their  vein  phenomena  as  shown  at 
Duncan  Mine,  Lake  Superior. 

Am.  Inst.  Mining  Engineers,  Trans.,  toL 
15,  pp.  671-677,  plate.    1887. 

I>«ecribes  the  eruptlTO  uid  clastic  rocb 
passed  through  in  a  994-foot  drill  hole.  Gires 
partial  snalyses  of  some  of  tho  rocks  and  a 
'  section  showing  the  structural  relations. 

COWIiAaff,  George  B.  The  extent  and 
value  of  East  Tennessee  minerals. 

Eng.  and  Mining  Jonm.,  vol.  45,  pp.  19-21, 
40.    1888. 

General  description  of  the  ooal  field  and 
fossil  ore  belt. 

COX,  E.  T.  [Salt  deposits  in  Kansas, 
etc.,  and  their  relation  to  those  of 
Petite  Anse.] 

New  York  Acad.  Sci.,  Trans.,  toL  7, p.  127, 
ip.    1888. 

Reference  to  thickness  and  position  of  the 
Kansas  deposit,  and  statement  of  opinioo  in 
regard  to  its  age  and  the  ago  of  the  Petite 
Anse  beds. 

CRAGIN,  F.  W.  Geological  notes  on 
the  region  south  of  the  great  bend  of 
the  Arkansas. 

Washburn  OoU.  Lab. ,  Boll.,  toL  3,  pp.  3S-37. 
1889. 
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CRAGIN,  F.  W.— Continncd. 

Description  of  Hesosoics  and  discnssion  of 
of  the  stntigraphic  range  and  relation  of  the 
Permian-Triaasio  transition  series. 

Contribntions  to  the  paleontology 

of  the  Plains.  No.  1. 

Washbnm  Ooll.  Lab.,  Ball.,  vol.  2,  pp.  65-48. 
1889. 

Contains  an  incidental  reference  to  the 
equivaleucy  of  a  Kansas  formation,  for  which 
the temi  "Cheyenne  sandstone"  is  snggested. 

CRAIG,  W.  Contributions  to  the  geol- 
ogy and  paleontology  of  the  town- 
ships of  Rnssell  and  Cambridge  in  Rns- 
sell,  Ontario.  Physiography  and  gen- 
eral geology. 

Ottawa  Naturalist,  yoL  2,  pp.  135-139.    1889. 
An  acooant  of  the  drifts  and  of  the  relations 
6t  Ordovician  formations. 

CRANDALL,  A.  R.  Report  on  the 
geology  of  Elliott  Connty. 

C^ol.  Snnrej  of  Kentucky,  Report  on 
Geology  of  Elliott  Oonnty,  by  Orandall,  pp. 
5-lfi.  7  plates,  2  map^.    [  1887 1] . 

Describes  topographic  features  of  the  con- 
glomerate, the  exposures  of  peridotite  and 
the  occurrence  and  variations  of  the  coal 
strata.  Accompanied  by  geologic  maps  and 
columnar  sections. 

—  Notes  on  the  Elliott  County  dike, 
eastern  Kentacky. 

Oeol.  Surrey  of  Kentucky,  Report  on 
Greology  of  Elliott  County,  pp.  17-19,  map. 
[1887  f  J. 

Briefly  describes  tiie  localities  and  discnsses 
the  relations  of  the  intrusions  to  the  structure 
of  the  region. 

Report  on  the  Ponnd  Gap  region. 

Oeol.  Surrey  of  Kentucky,  Reports  on  the 
■Otttheastem  Kentucky  coal  field,  1887,  pp.  1- 
29,  maps,  plates. 

Bescribee  structure  of  Pine  Mountain  and 
iron  ores  and  coal-measures  of  Pound  Gap 
region.  Gives  table  of  thicknesses  of  beds 
from  upper  Silurian  to  coal-measures  in  Pine 
Mountain  and  in  western  Kentucky,  discusses 
the  age  of  the  Pine  Mountain  fault  and  its 
relations  to  topography  and  drainage,  and  re- 
views the  stratigraphy  and  geologic  history  of 
Kentucky  and  of  the  Pine  Mountain  region. 
Accompanied  by  map  of  the  Appalaclilan  coal 
field. 

CRESSON,  Hilborne  T.    Early  man  in 
the  Delaware  valley. 

Boston  Soo.  Ifat.  Hist.,  Proo.,  vol  24^ pp. 
141-150.    1889. 

Includes  references  to  the  relattoni  of  the 
drift  deposits  In  the  valley  of  the  lower  Del** 


CRZSSSON,  Hilborne  T.— Continned. 

Remarks  npon  a  chipped  implement 

found  in  modified  drift  on  the  east  fork 
of  the  White  River,  Jackson  Connty, 
Indiana. 

Boston  Soc.  Nat.  Hist.,  Proc.,  voL  24,  pp. 
159-152.    1889. 

Includes  a  brief  discussion  of  the  nature 
and  history  of  the  deposit  by  G.  F.  Wright. 

Cretaceons  (including  Potomac  forma- 
tion). 

Alabama,  Tnscaloosa   formation,    Mc- 
Gbe. 
Tnscaloosa,  Tombigbee,  and  Alabama 
rivers,  Smith  andr  Johnson.    Mc- 
Gee. 
ArkanBos,  northern  limits  of  Cretaceons, 
Hay,  O.  P. 
events  in  North  American  Cretaceons 

history,  Hill,  R.  T. 
Jura,  Neocomian,  and  chalk,  Mabcou. 
Pike  County,  Branner. 
events  in  Cretaceous  history,  Hill, 

R.T. 
Portland  cement,  Branner. 
relations  of  southern  to  eastern  Cre- 
taceous, Hill,  R.  T. 
southwestern  Arkansas,  Hill,  R.  T. 
Trinity  formation,  Hill,  R.  T. 
west  central,  Comstock. 
Brazilf  Sergipe-Alago^  region,  Bran* 

NEB. 

Californiaf  Becker.     Bowers.    Dut- 

TON.      Goodyear.      Le  Conte. 

Irelan.     Jackson.     Webkr. 

White,  C.  A.    Whiting. 
catalogue  of  fossils,  Cooper. 
petrographic  description,  Schuster. 
Canada,    branches   of  Saskatchewan, 

Panton. 
Belly  River  region,  Cope. 
borings  in  Manitoba,  Dawson,  G.  M. 
Caribou  gold  district,  Bowman. 
Casca<le  anthracite  basin,  Dawson, 

G.M. 
coal  in  valley  of  Bow  River,  Dodge. 
earlier  Cretaceous  of  the  Northwest, 

Dawson,  G.  M. 
floras  of  the  Northwest,  Dawson, 

J.  W. 
fossils  from  coast  of  Britlsli  Colum* 

bia,  WmTEAVES. 
Laramie  plants,  Dawson,  J.  W. 
Mount  Stephen,  McConnbll.    Wal- 

COTT. 

northern  AlbeitOk^  ^^a.^'Yx^kssasl. 
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Cretaceous — Con  tinned. 
Canada— Continued. 

northern  part  of  the  Dominion,  Daw- 
box,  G  M. 

plants      from      Vanconyer    Island, 
Dawson,  G.  M.    Dawson,  J.  W. 

relations  of  British  North  American 
plants,  Drummond. 

Bed    River   valley,  Manitoba,    Mc- 
Charles. 

Bocky  Monntain  near  the  51st  paral 

lel,  McCONNELL. 

Vancouver  invertebrate  fossils, 
White,  C.  A. 

woods  and  plants  from  western  Can- 
ada, Dawson. 

Tnkon  expedition,  Dawson,  G.M. 
Colorado,  CI as8i6 cation  of  middle  Cre- 
taceons,  Eldridok. 

coals,  Newberry. 

coal  field  of  Crested  Bntte,  Lakes. 

Denver  region.  Cross.    Eld  ridge. 

Elk  Head  coal,  Chisolm. 

fossil  plants  from  Golden,  Lesquer- 

EDX. 

field    for    research    in   the    Bocky 

Mountains,  Hills. 
geology   of  Colorado  ore   deposits, 

Lakes. 
Gunnison  County,  Hiixs. 
Huerfano  River  basin,  Hills. 
iron  resources  of    Colorado,  Chau- 

VKNET. 

Leadvjlle,  Ihlseno. 
Mesozoic  of  southern  Colorado,  Stev- 
enson. 
Mountain    upthmsts,    Uinta,    etc., 
"  White,  C.  A. 

northwestern  coal  region,  Hewitt. 
oil  fields,  Newberry. 

oil  fields  of  Fremont  County,  Ihl- 
seno. 

Paleontologic  notes,  Boulder,  Stan- 
ton. 
Pitkin  County,  Hills. 
Spanish  Peaks  region,  Hills. 
Trinidad  coal  region,  Lakes. 
Dakota,    Black     Hills,     Carpenter. 
Ckosby. 
Peiiibiiia  Mountain,  Upham. 
Indian    Territory ,    Trinity    formation, 

Hill,  R.  T. 
Iowa,  Am.  Geologist.    White,  C.  A. 
central  Iowa,  Keyes. 
pockets  containing  clay  at  Clinton, 
Fabnswokth. 


CretaceoTis— Continued. 
KansoBf  geology  of,  lectore,  Hat. 
geology  of  soath  western  Kansas,  St 

John. 
history  of  geologic  work,  Hat  and 

Thompson. 
horison  of  Dakota  lignite,  Hat,  R. 
note  on  a  remarkable  fossil,  Hat,  R. 
paleontology  of  the  plains,  Cragin. 
region  south  of  the   great  bend  of 

the  Arkansas,  Cragin. 
salt  deposits,  Hat,  B.    Cox. 

Keniuekff,    Jackson    purchase    region, 

LoUtiHRIDQE. 

Loui9iana,    iron    region  of   northern, 
Johnson. 
salt  deposits.  Petite  Anse,  Bolton. 

Cox.     POMEROT. 

Maryland,  age  of  Potomac  formation. 

Ward.    Marsh. 
Albirupean,    Hbilprin.     Lewis. 

Uhler. 
Anne  Arundel  and  Prince  George's 

counties,  Clark. 
Eocene  and  its  associates,  Uhler. 
Potomac  woods  and  lignites,  Knowl- 

TON. 

Potomac  valley,  McGeb. 

Sanropoda  from  the  Potomac  forma- 
tion, BiARSH. 

southwestern  Maryland,  Brtan. 

three  formations  of  the  Middle  Atlan- 
tic slope,  McGeb. 

Massachusetts,   Martha's    Vineyard, 

Shaler. 
Mexico,  Sierra  Mojada,  Chism. 

Baja  California,  Lindgren. 

Lower  Cretaceous,  White,  C.  A. 

Valley  of  Mexico,  Chism. 
Montana,  Gallatin  region,  Hatden. 

Great  Falls  coal  basin,  Ne  wberrt. 

Iron  Butte,  Calvin. 
Minnesota,    county    geology,    Upham, 
WiNCHELL,  N.  H. 

artesian  wells.  Hall,  C.  W. 

Natural  gas  wells,  Winchkll,N.  H. 
Nebraska,  soils,  HiCKS. 

report,  division  of  glacial  geology, 
Chamberlin,  T.  C. 

well  at  Lincoln,  A^i.  Geologist. 
Nevada,  Becker. 

Nexo  Jersey,  Cook.    Whitfield.    Mo- 
Gee. 

artesian  wells.  Cook. 

green  sand  marls,  Cooc. 
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Cretaceons — Conti  nned. 
New  t7er«ey— Con  tinned. 
FosMiliferous  beds  near  Clemen  town, 

WOOLMAN. 

geologic  mapi  Cook. 

map  of  vicinity  of  New  York  city, 

Martin. 
resemblance  to   Gulf  States,  Hill, 

R.T. 

three  formations  of  the  middle  Atlan- 
tic  slope,  McGee. 

vicinity  of  New  York,  Brixton. 
Kew  Mexico,  vertebrate,  fanna  of  the 
Paerco  epoch,  Copk. 

Mesozoio  of  northern  New  Mexico, 
Stevenson. 

Mesozoio  of  New  Mexico,  Marcou. 

original  locality  of  Gryphseu  Pitcheri, 
Marcou. 
New  York,  artesian  well,  Woodhaven, 
Bryson. 

boring  on  Staten  Island,  Britton. 

leaf  in  sandstone  in  drift,  Staten 
Island,  HoLLiCK. 

Long  Island,  Bryson.    Dana,  J.  D. 

overlap  on  Archean  on  Staten  Island, 
Newberry. 

Staten  Island,  Britton.    Hollick. 
Nomenclature  and  elaeeification,  classifi- 
cation    of     middle     Cretaceoas, 
Eldridoe. 

equivalency  of  American,  New- 
berry. 

report  of  subcommittee  on  Mesozoic, 
International  Congress  of  Geolo- 
gists, Cook.    Cope. 

synopsis  of  Laramie  flora,  Ward. 
Lesqukrrux. 

Mesozoic  realm,  Cope. 

position  of  Ripley  group,  White,  C.  A. 

relations  of  Laraniine  group,  White, 
C.  A.    Ward.    Dawson,  J.  W. 
North  CaroHnaj  age  of  Potomac  forma- 
tion. Ward. 

three  formations  of  Middle  Atlantic 
Slope,  McGee. 

Mesozoic  at  Weldon,  Ward. 
Oregon,  western,  Dutton.    Lang. 

invertebrate  fossils.  White,  C.  A. 
Pennsylvania,  rivers  and  valleys,  Davis, 

W.M, 
South  America,  Cerro  de  Pasco,  Pern, 
Hodges. 

Sergipe-Alago&s  basin,  Brazil,  Bran- 

KKB. 


Cretaceous— Continued. 
Texas,  geology  of,  Hill,  R.  T. 
Burnet  County,  Walker. 
building   stones   of  eastern   Texas, 

Penrose. 
coal  of  Rio  Grande  region.  White, 

C.A. 
events  in  North  American  Cretaceous 

history,  Hill,  R.  T. 
Fauna  der  oberturonen  Kreide,  Hill, 

RdMER. 

Hays  County,  Pond. 
Haldeman  County,  J.  T.  W. 
Hill  on,  Cope. 

iron  regions  of  eastern  Texas,  John- 
son. 
Lower  Cretaceons  of  south  west  Texas, 

White,  C.A. 
Mitchell  County,  Broadiibad. 
Neozoic  geology.  Hill,  R.  T. 
new  species  of  fossils,  Hill,  R.  T. 
occnrrence   of    Macraster  Texan  us, 

Hill,  R.  T. 
origin  of  certain  limestones.  Hill, 

R.T. 
original  locality  of  Gryphase  Pitcheri, 

Marcou. 
Paleontology,  Hill,  R.  T. 
Permian  of  Texas,  White,  C.A. 
resemblance  to  New  Jersey,   Hill, 

R.  T. 
Rio  Grande  Valley,  Owen. 
Shumard  on.  Hill,  ^.  T. 
southern  Texas,  Jermy.    Tait. 
story  of  Colorado  River,  Hill,  R.  T. 
Texas  section,  Hill,  R.  T. 
south  central  Texas,  Owen. 
western  Texas,   Cumminos.     Hill, 

R.T.    Streeruwitz. 

Utah,  Laramie,  White,  C.  A. 

Virginia,  age  of  Potomac   formation, 
Ward.    Marsh. 
three  formations  of  the  middle  Atlan* 
tic  slope,  McGee. 

Washington,  Puget  group.  White,  C.  A. 
invertebrate  fossils,  White,  C.  A. 

Wyoming,  geologic  history  of  Yellow- 
stone Park,  Hague. 
Laramie,  White,  C.A. 
sknll  of  CeratopsidflB,  Marsh. 
report     of     Territorial      Geologist, 

RiCKBTTS. 

I  CR08B7,  W.  O.    Geology  of  the  outer 
r        islands  of  Boston  Hax\M^x« 
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,  W.  O. — Continued. 

Boston  Soc.  Nat.  Hist.,  Proo.,  yol.  23,  pp. 
450-457.    1888. 

Description  of  the  relations  of  diaVase 
sheets  and  dikes  to  slates,  and  discussion  of 
stroctnre,  relations  of  the  diabase,  evidence  of 
a  fisolt,  and  caaseof  relative  position  and  trend 
of  the  islands.    Beferenoe  to  drifts. 

•^—  Geology  of  the  Blank  Hills,  Dakota. 

Boston  Soc.  Nat.  SUst.,  Froc.,  vol.  23,  pp 
488-517,  ToL  24,  p.  11.  i  p.    1888. 

Abntraot,  Am.  Jonm.  Sci.,  3d  series,  vol. 
SO,  p.  153,  i  p.    1888. 

Sketch  of  geoloj^y  and  description  of  varions 
features  of  the  several  formations.  Disons- 
sion  of  relative  ages  of  the  crystalline  rocks ; 
the  relation  of  the  metamorphic  conglomwate 
and  the  deformation  of  its  pebbles;  the  cor. 
relations  of  the  Archean  rocks  with  those 
elsewhere ;  evidence  of  the  existence  of  lim»r 
stone  in  the  Archean;  origin,  extent,  rela- 
tions, and  age  of  the  granites,  volcanic  rooks, 
mineral  deposits,  and  soperflcial  formations; 
conditions  of  deposition  and  formations  in  the 
West  between  the  Cambrian  and  Carbonifer- 
ous, relations  of  Paleozoic  and  Mesozoio;  age, 
history,  and  relations  of  Black  Hills  uplift^ 
uid  of  the  red  beds  and  subsequent  forma- 
tions. 
.-^  Quartzites  and  silioeoas  concretiona. 

Sci.  Am.  Supt.,  voL  20^  pp.  10400-10468,  folio, 
No.  055.    1888. 

From  Technology  Quarterly. 

Description  of  relations  of  Potsdam  sedi- 
ments in  the  Black  Hills  and  discussion  of 
the  nature  and  origin  of  the  inclnded  quarts* 
ite  masses  and  on  silicification  in  general. 

and  BARTON,  G.  H.    On  the  great 

dikes  at  Paradise,  near  Newport. 

Boston  Soc.  Nat.  Hist»,  Froc.,  voL  23,  pp. 
825-330.    1887. 

Gives  an  account  of  the  geologic  features  of 
the  region,  the  relations  of  which  are  found 
to  be  much  simpler  than  formerly  supposed; 
the  "hornblende  schist"  of  Dale  proving  on 
examination  by  Merrill  to  be  an  intrusive 
rock,  probably  an  altered  diorite. 

CROSS,  Whitman.    Petrography. 

Greology  and  Mining  Industry  of  Lead- 
yille,  Colorado,  by  S.  F.  Emmons,  U.  S.  Geol. 
Survey,  Mon.,  voL  12,  pp.  310-362,  2  plates. 
1880. 

Abstract,  Am.  Naturalist,  voL  22,  p.  02,  i  p. 
1887. 

Describes  the  emptives  of  the  Leadville 
region,  and  the  Henry  Monntain  laccolites. 
Discusses  age,  succession,  composition,  and 
character  of  the  rooks. 

—  On   the  occurrence   of   topaz   and 
garnet  in  lithophyses  of  rhyolite. 

Colorado  Sci.  Soc.,  Froc,  vol.  2,  part  2,  pp. 
•1-70.    1887. 


CROSS,  Whitman— Continued. 

Published  in  1880.  Am.  Jour.  Sci.,  3d  series, 
voL  31,  pp.  432-438. 

The  Cimarron  landslide,  July,  1886. 

Colorado  Sci.  Soc,  Froc.,  voL  2,  pitft  2,  pp. 
11&-120.    1887. 

Describes  geologic  features  of  the  vieinity 
and  topographic  changes  due  to  the  slide. 
Discusses  its  cause  and  similarity  to  other 
slides. 

Note  on  phonolite    from  Colorado 

[El  Paso  County]. 

Colorado  Sci.  Soc,  Froc,  vol.2,  pp.  167- 
170.    1888.  . 

Abstract,  Am.  Naturalist,  voL  23,  pp.  171- 
172,  k  P-  (Februaiy  No.).    1888. 

Petoographic  description  and  analyses. 

[Obseivationsin  regard  to  the  para- 

morphic  origin  of  certain  minerals.] 

Colorado  Sci.  Soc,  Froc,  voL  2,  pp.  182- 
183.    1888. 

Refers  to  instances  observed  in  Custer 
County,  Colorado. 

On  some  ernptiye rooks  from  Custer 

County,  Colorado. 

Colorado  Sci.  Soc,  Froc,  vol.  2,  pp.  228- 
250.    1888. 

Abstract,  Am.  Naturalist,  vol.  23,  p.  171,  i 
p.  (February  No.).    1880. 

Description  of  petrography  and  occurrence 
of  rhyolites,  trachytes,  syenite,  peridotlte, 
augite-diorite,  and  sanadine-bearing  andesite. 
Definition  of  lithologio  terms. 

The  Denver  Tertiary  formation. 

Am.  Jour.  Sci.,  3d  series,  voL  37,  pp.  261- 
279.    1889. 

Abstract-,  Colorado  Sd.  Soc,  Froc,  voL  3* 
pp.  119-133.    1889. 

Description  of  distribution,  stratigraphy, 
composition,  and  general  relations  of  the  for* 
mation,  uid  discussion  of  stratigraphic  and 
paleontologio  evidenoe  of  its  age  and  history. 

CUMMINSf  W.  T.  The  Carboniferous 
of  western  Texas  and  its  relation  to 
the  Cretaceous. 

Am.  apologist,  voL  2,  p.  138,  t^  p.    1888. 
Reference  to  its  barrenness  in  coal  aod  to 
its  conformable  overlap  by  the  Cretaceous. 

Mining  districts  in  El  Paso  County 

[Texas]. 

aeol.  and  Sci.  Bull.,  vol.  1,  No.  2,  |  coL,  i°. 
188& 

Geologic  relations  of  granites  and  porphy- 
ries to  Cretaceous  and  Carboniferous  lime> 
stones. 

The    Carboniferous    formation    in 

Texas. 

G-eol.  and  Sci.  Bull.,  voL  1,  No.  8, 14  ool.,  4<'. 
188a 
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CUMMINS,  W.  T.— C«ftnti]iuod. 

KeferoDoe  to  exiflnt,  xvlatlona,  and  itrftii- 
gnphio  range. 

fieport  of  Qeologist  for  northern 

Texas. 

Texas,  Oeol.  and  Mineralogical  Snrrey, 
Flnt  Report,  1888,  pp.  4&-£3.    1889. 

Abstract,  Q-eol.  and  Sci.  Ball.,  yoI.  1,  Nov., 
1888.  i  coL ;  Jan.,  1889, 4  col.,  4^. 

Notes  on  Carboniferous  coils  and  strati* 
graphy  in  northern  central  Texas. 

CURTICE,  Cooper.    Oriskany  drift  near 
Washington*  District  of  Columbia. 


CURTICE.  Cooper — Continued. 

Am.  asologist,  Tol.  8,  pp.  223-225.    1 889. 

Calls  attention  to  oocnrrenoe  of  fu.<wilifor- 
ons  pebbles  in  ttie  Potomac  formation  at 
Meant  Vernon  and  near  Alexandria. 

CUSHING,  H.  P.    Notes  on  the  Beroa 
grit  in  northeastern  Ohio. 

Am.  Assoc.  AdT.  Science,  Proc,  voL  36, 
PP.213-21S.    1888. 

Gives  stratigraphic  sections  at  aoTeral  lo- 
calities. Description  of  extent  and  relations 
and  discassion  of  eqairalency  of  the  beds, 
especially  of  the  sandstooe  north  of  Wanren. 


D. 


Dakota  School  of  Mines,  Report  on 
Black  HiUa. 
Geology  of   the   Black  Hills,  Car- 

PENTBR. 

Mineral  resoarces  of  the  Black  Hills, 
Cahfbntbr. 

Dakota,  heaches  of  glacial  Lake  Agassi z, 
Upham. 
coal,  Ashburnsr. 
continuance    of     Lake     Cheyenne, 

TODP. 

Cretaceons,  Upham.  Ward.  Hill, 
R.T. 

fossil  plants  and  prairies,  Lbibbro. 

geology  of  Black  Hills,  Carpbntbr. 
Crosby. 

glacial  boundary  in  southeast  Da- 
kota, Wright. 

glacial  geology,  Chamberlin. 

granites,  Haix,  C.  W. 

great  primordial  quartzite,  Winch- 
ELL,  N.  H. 

green  quartzite,  Todd. 

mineral  resources  of  the  Black  Hills, 
Carpkntbr. 

ore  dei)osits  of  Black  Hills,  Car- 
pbntbr. 

Quaternary    of    southern     Dakota, 

Chamberlin. 
Missouri  River,  Broadhkad. 

'    quartzite  and  siliceous  concretions. 

Black  Hills,  Crosby. 

Tertiary,  Cope. 

terraces  of  the  Missouri,  Todd. 

DAIsIa,  William  H.     Notes  on  the  geol- 
ogy of  Florida. 

Am.  Jour.  Sci.,  8d  series,  toL  34,  pp.  181-170. 
1887. 


DAI>L,  William  H.— Continued. 

Describes  the  extent  of  the  sereral  snper- 
ficisl  and  Tertiary  formations  and  discnsses 
their  fftnnal  distribntion  and  eqaivalency,  and 
the  synehronlsm  of  post-Cretaceons  forma- 
tions  in  general.  Calls  attention  to  many 
rock  outcrops  and  new  fosniliferons  localities, 
and  to  a  series  of  meridional  flexures  crossing 
the  Caloosahatchee  River. 

[On  the  faunal  relations  of  the  for- 


mations of  the  Tertiary.] 

International  Oongress  of  Geologists,  Am. 
Oomxnittee  Reports,  1888,  F.,  p.  16,  |  p. 

Am.  Oeologist,  vol.  2,  p.  282.    1888. 

Discussion  of  basis  on  which  Tertiary 
should  be  subdivided. 

DANA,  Edward  S.  Contrihutions  to 
the  petrography  of  the  Sandwich  Isl- 
ands. 

Am.  Jour.  Sci.,  8d series,  ▼ol.37,  pp.  441-487, 
pi.  XIV.    1880. 
Abstracts,  Am.  Naturalist,  toI.  23,  pp.  522- 
633, 1  p.    1889.    Namre,vol.40,p.l89,lllines. 
1889. 

Petrographio  descriptions  of  lavas.  In- 
cludes an  account  of  volcanic  stalactites  and 
disoussion  of  their  origin. 

DANA,  James  D.    Volcanic  action. 

Am.  Jour.  Sci.,  3d  series,  vol.  33,  pp.  102-llft. 
1887. 

Discusses  canses  and  results  of  volcinic 
action  and  ar6sum^and  discussion  of  the  phe- 
nomenaof  Kilauea,  Yesn^  lus,  the  recent  New 
Zealand  eruptions,  uid  other  instances. 

[ f]  The  origin  of  mountain  ranges 

considered  experimentally,  structur- 
ally, dynamically,  and  in  relation  to 
their  geological  history,  hy  T.  Mellard 
Reade  [etc.]. 

Am.  Jour.  8oi.,  8d  series,  voL  33,  pp.  240-242 
1887. 
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DAlf A,  James  D. — Con  tinned. 

A  brif^f  Atatment  of  the  thaorr  and  a  re- 
T&ev  of  iU  application  to  e*iDUnf-DUl  jplifc 
a»d  th»  Appalachian  troafh. 

Oo  Taconic  rocks  and  stratigraphy, 

with  a  geological  map  of  the  Taconic 
r-^ion;  part  2;  the  middle  and  north- 
era  part. 

Am.  Jaar.  ScL,  3d  teriM,  toL  33,  ppi  270-278 
302-419,  pi.  11.    1W7. 
ICoDtmned  from  toI.  29.  p.  443.  1885.] 
DeacribM  tlie  Toeku  aod  a  teriea  of  MCtiona 
MTOM  tha  region,  and  dlicimiMw  the  straci- 
oral  and  •trati^nphie  relatioiu.  distribatioo, 
aod  eqai  valency  of  the  limestODOo,  schists, 
and  qaartait«a     In   a  snpplameot  entitled 
**  Tt.'O  Ttews  of  Prof.  Emmons  on  th«t  Taconic 
aysiem,'*  reriews  Hunt's  **  The  Taeonic  ques- 
tion resUted, "  pp.  412-419. 

[ 1]  Report  on  the  geology  of  New 

Jersey  for  1886. 

Am.  Jour.  ScL,  8d  aaries^  tdL  31^  p.  71,}  p. 
1887. 

Abstract  of  Britton'a  report  on  the  Arcbean 
and  diacnsaion  of  the  ose  of  the  tenn  Haro- 
nian. 

[ ]  Geology  of  Long  Island. 

Am.  Jovr.  Scl.,  3d  seriea,  YtA.  34,  pp.  153-155. 
1887. 

Abstract  and  rsTiew  of  F.  J.  H.  Merriirs 
paper  deacribed  in  the  bibliography  for  1886. 
Diacoiiaea  the  character  of  the  drift  ridges, 
the  identification  of  the  Cretaceous  and  Ter- 
tiary, the  nplift  of  the  preglacial  formations 
by  the  sdTancing  edge  of  the  ice  sheet,  and 
the  oanae  of  the  deep  baya  in  the  north  shore 
of  the  island. 

[ f]  A  pot-hole  of  remarkable  size  in 

Arclibald,  Pennsylvania. 

Am.  Jour.  Sol.,  3d  seriea,  vol.  34,  p.  489. 
1887. 
Description,  and  discossion  of  its  origin. 

History  of  the  changes  in  the  Mount 

Loa  craters ;  part  i,  Kilauea.    ^ 

Am.  Jonr.  Scl.,  3d  series,  vol.  35,  pp.lSh-34, 
pp.  2 1 3-228, 282-289,  pis.  I,  IV,  V.     1 888. 

Abstract,  Natnre,  vol.  37,  p.  358,  17  lines. 
1888. 

Incltidos  discussion  of  the  causes  and  rela- 
tions of  the  changes,  the  mobility  of  the  lavas, 
the  eruptive  and  crater  characteristics  of  a 
basalt  volcano,  size  of  the  Kilauea  conduit, 
and  the  conditions  involved  in  the  various 
phenomena  occurring  between  the  eruptions. 

[ ]  Gradual  variation  in  intensity  of 

metamorphism. 

Am.  Jonr.  Sci.,  3(1  series,  voL  33,  pp.  82-83,  § 
p.    1888. 

Kofers  to  illustrative  localities  west  of  Now 
Uaven,  and  discusses  the  occui;*ouce  and  ori- 


DAHA,  James  D. — Continned, 

pn  of  inclttded  miamf  of  graaite  ia  that  re- 
gion. 

[- 


]  Fossils  of  Littleton,  Xew  Hamp- 

fehire. 

Am.  Jovr.  ScL,  3d  aeries,  toL 3.%  p.  ?S5,  ^pu 

Notice  of  tkeir  refermce  to  the  Niagara 
group  by  Hitebeoek  in  1S84. 

—  History  of  changes  in  the  Monnt 
Loa  craters,  part  in,  emptives  of  Ki- 
lauea and  Monnt  Loa. 

Am.  Jonr.  Sci.,  Zd  series,  vol  36.  pp.  S0-112i 
167. 175.    I£i8. 

Discussion  of  the  characteristics  and  causes 
of  emption,  metamorphism  as  an  eflVct  of  rol- 
eanie  oonditiuns,  the  origin  of  the  form  of 
Meant  Loa,  relalions  of  Kflanea  to  Meant 
Loa,  and  the  contrast  between  volcanoes  of 
the  Meant  Loa  and  VesuTios  types. 

—  History  of  the  changes  in  the  Mount 
Loa  craters,  part  ii,  Moknaweoweo. 

Am.  Jonr.  Sci.,  3d  series,  voL  36,  pp.  14-33; 
pL  1,81-00.    1888. 

Bistory  of  eruptions,  etc,  and  discussion  of 
times  and  time  intervals,  and  the  nature  and 
causes  of  the  ordinary  activity  within  the 
summit  crater. 

—  Brief  history  of  Taconic  ideas. 

Am.  Jonr.  Sci.,  3d  series,  vol.  36.  pp.  410- 
427.    1888. 

And  r6«am6  of  present  knowledge  of  tht 
relations  in  the  Taconic  region. 

—  [On  the  use  of  the  term  "  Taconic."] 

International  Congress  of  Geologists,  Am. 
Oommittee  Reports,  1888,  B,  pp.  8-9. 

Am.  Geologist,  vol.  2,  pp.  198-109.     1888. 

Discussion,  of  its  applicability  to  lower  Pal- 
eozoic formations. 

—  [On  the  subdivisions,  nomenclature, 
distinctive  features,  and  origin  of  some 
members  of  the  Arohean,  origin  of  Ser- 
pentine, and  the  use  of  terms  ''Ta- 
conic," **  Ordovician,"  and  **  Cam- 
brian."] 

International  Oongress  of  Geologists,  Am. 
Committee  Beports,  1888,  A,  pp.  53-55. 

—  Recent  observations  of  Mr.  Frank  S. 


Dodge,  of  the  Hawaiian  Government 
Survey,  on  Halema'uma'a  and  its  de- 
bris cone. 

Am.  Jonr.  ScL,  8d  aeries,  toL  37, pp.  48-50. 
1889. 

Evidence  of  recent  elevation  of  the  cone 
and  some  other  minor  chaugea  in  the  crater. 

—  Pointij  in  the  geological  history  of 


the  islands  Maui  ana  Oahu. 
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DANA.  James  D. — Contiuued. 

Am.  Jour.  Sci.,  3d  aeriea,  vol.  37,  pp.  81-103. 
plfl.  in,  IV.    1888. 

Description  and  dlscasBion  of  topoi^raphlo 
and  gcolocric  relatlona,  discussion  of  f;eologic 
history,  volcanism  and  evidence  of  subsi- 
dence. Statement  of  opinion  in  ref^ard  to 
Darwiu*B  theory  of  coral  island  formation. 

On  the  origin  of  the  deep  troughs 

of  the  Oceanic  depression.    Are  any  of 
volcanic  origin? 

Am.  Jonr.  Sci.,  3d  series,  voL  37,  pp.  102-202, 
pL  VII.    1B89. 

Review  of  distribution  and  relations  of  the 
deep  Oceanic  troughs.  Accompanied  by  a 
bathy metric  map. 

The  name  Silnrian  in  geology. 

Popular  Science  Monthly,  toL  36,  p.  276, 
I  p.    1880. 

Discussion  of  nomenclature  of  the  Silurian 
and  Ordovician,  and  sngKestlon  of  term  "Or* 
dovician  "  for  the  "  upper  Silurian." 

DARTON,  Nelson  H.  Bibliography  of 
North  American  geology  for  1886. 

n.  S.  Geol.  Survey,  Boll.,  vol.7, pp.  343-377, 
No.  44.    1887. 

On  the  great  lava  flows  and  intras- 

ive  trap-sheets  of  the  Newark  system 
in  New  Jersey. 

Am.  Jonr.  Sd.,  8d  seriee,  vol.  30,  pp.  184-130. 
1889. 

Discussion  of  characteristics  of  extrusive 
and  intrusive  masses,  and  an  account  of  the 
natnre  and  relations  of  the  traps  of  the  New 
Jersey  region. 

*—  North  American  geology  for  1886. 

Smithsonian  Institution,  Report,  1886-'87, 
Part  1,  pp.  180-229.    1880. 
(Classified  abstracts  of  papers. 

DAR'WIN,  Charles.  The  strnccure  and 
distribution  of  coral  reefs,  3d  edition, 
with  an  appendix  by  T.  G.  Bouney,  p. 
344.    New  York.     lo89. 

Davenport  Academy  of  Natural  Sci- 
ences, Proceedings,  voL  5i  part  1. 
A  defense  of  our  local  geology,  Bak- 

RIB. 

Rockfort  shales  of  Iowa,  Webster. 

DAVIS,  Charles  H.  S.  The  Catopterus 
gracilis. 

Meriden  Sci.  Assoe.,  Trans.,  vol.  2,  pp.  10- 
22.    1887. 

Beroarks  on  the  occurrence  of  flsh  i-eraains  in 
the  Trias,  and  a  description  of  the  locality  at 
Little  Falls,  Connect icut 

DAVIS,  William  Morris.  Instraction  in 
geological  investigation. 


DAVIS.  William  Morris— Continued. 

Am.  Naturalist,  vol.  21,  pp.  810-825.    1887. 

In  discussiog  some  experiences  with  his 
field  classes,  describes  dike  contacts  in  the 
quarry  at  Bomerville,  If.'wsachusetts,  and 
evidences  of  a  former  higher  level  of  the  sea 
about  Boston. 

[Results  of  a  study  of  the  mechan- 
ical origin  of  tbo  Triassic  monocliunl 
in  the  Connecticut  valley.] 

Boston  Soc.  Nat.  Hist.,  Froc,  vol.  23,  pp. 
330-341.    1887. 

Reviews  the  various  theories  and  advances 
a  hypothesis  to  account  for  the  monoclioal 
attitude.  This  paper  antedates  the  one  on 
the  same  subject  described  in  the  1886  bibli- 
ogTaphy. 


[■ 


[ 


]  The  origin  of  mountain  ranges, 

considered  experimentally,  structur- 
ally, dynamically,  and  in  relation  to 
their  geological  history.  By  T.  Mel- 
lard  Keado.    London. 

Science,  vol.  10,  p.  130.    1887. 

States  condition  of  present  opiiuons  on  the 
subject,  and  briefly  relates  and  reviews  the 
author's  theory. 

—  The  classification  of  lakes. 

Science,  vol.  10,  pp.  142-143.    1887. 

Discusses  the  formation  of  lakes  in  the  de> 
velopment  of  drainage  systems,  and  the  ef« 
fects  of  lava  flows  and  glacial  incursions. 


—  The  ash  bed  at 
structural  relations. 


Meriden    and  its 


Meriden  Sci.  Assoc.,  Trans.,  vol.  3,  pp.  23- 
80.    1888. 

Brief  notice  of  the  occurrence  of  the 
asb-bod ;  description  of  contacts  of  trap  with 
overlying  sediments  in  Lamentation  Mount- 
ain and  of  West  Rock  range,  New  Haven, 
and  the  structural  relations  in  the  Moriden 
region,  and  sketch  of  the  history  of  volcanic 
extrusion,  and  the  mechanism  of  the  uplift 
and  faulting  of  the  Newark  formation  of  the 
Connecticut  valley. 

]  Geographic  methods  in   geologic 

investigation. 

National  G-eogr.  Mag.,  vol.  1,  pp.  11-20. 
1888. 

Discussion  of  the  status  of  geographic  sci- 
ence and  the  genetic  relations  of  topographio 
features.  Includes  references  to  structure  of 
the  Newark  formation  of  the  Connecticut 
valley,  base  levels  in  New  Jersey  and  in 
eastern  Pennsylvania,  the  relations  of  to. 
pography  and  drainage  to  structure  and  up- 
lift in  the  Appalachian  region  and  elsewhere, 
and  conditions  affecting  waterfalls,  Instanced 
by  some  in  northoMtem  Pennsylvania. 
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DAVIS,  William  Morris — Continaed. 
[ ]  The  topographic  map  of  New  Jer- 
sey. 

Science,  vol.  12.  pp.  206-207.    1888. 

Calls  attention  to  topoi^raphio  features  ex 
preMlnj;  KOo^)?io  relations  or  sngfcesting 
geologic  problems:  Submerged  mouths  of 
streams  along  coas^  connie  and  termination 
of  ridges  in  the  Ifewark  region,  firactnre  sep- 
arating Arohean  highlands  from  lowlands  of 
softer  sediments,  and  some  relations  ot  iJie 
preglacial  Passaic  drainage. 

The  structure  of  the  Triassic  forma- 
tion of  the  Connecticut  valley. 

n.  S.  Geol.  Surrey,  Serentfa  Report,  J.  W. 
PoweU,  1885-'86,  pp.  45&-A90,  pL  «2.    1887. 
Abstract,  Am.  Geologist,  yoL  4,  pp.  112-113. 

1888. 

Description  and  discussion  of  stratigraphy 
and  the  structural  relations  and  character- 
istics of  the  igneous  members,  and  a  discus- 
sion of  the  mechanical  origin  of  the  Triassic 
monocline,  with  its  faults  and  flexures. 

The  faults  iu  the  Triassic  formation 

near  Meriden,  Connecticut. 

Harvard  Oollege,  Mus.  Oomp.  Zool.  Bull., 
vol.  16,  pp.  61-87,  pis.  1-5.    1889. 

Detailed  description  of  the  relations  of 
traps  and  sandstones,  and  structural  relations 
in  the  Meriden-Kew  Britain  region.    Illustra- 

—  ted  by  sketch  maps  and  cross-sections. 

—  Topographic  development  of  the 
Triassic  formation  of  the  Connecticut 
valley. 

Am.  Jour.  Sci.,  3d  series,  vol.  37,  pp.  423-'434. 
1889. 

Abstract,  Popular  Soience  Monthly,  voL  36, 
p.  573, 1  col.    1890. 

Description  of  structural  features  in  the 
Meriden  region,  discussion  of  the  cause  and 
significance  of  the  eastward  deflection  of  the 
lower  Connecticut,  and  the  orographic  rela- 
tions and  topographic  history  of  the  Conneo* 
tiout  valley  region,  and  comparison  of  some 
•f  its  stages  with  topography  of  fault  sys- 
tems in  the  Great  Basin  and  In  Clilna. 

—  The  glacial  origin  of  cliflEs. 

Am.  Qeologist,  vol.  3,  pp.  14-18.    1889. 

Discussion  of  the  reUtions  of  cliff  and  talus 
slopes  and  their  modification  by  glaciation, 
instancing  those  of  the  Newark  regions  of 
New  Jersey  and  the  Connecticut  valley. 

Methods  and  models  in  geographic 

teaching. 

Am.  NaturaUst,  vol.  23,  pp.  566-583.    1889. 

Abstract,  Johns  Hopldns  Univ.,  Oircnlars, 
voL  8,  p.  62,  i  p,  40.    1889. 

Includes  a  general  discussion  of  various 
types  and  stages  of  topographic  development. 

[ ]  A  river  pirsta. 


DAVIS,  William  Morris — Continued. 
Sdenee,  voL  13,  pp.  108-109.    1889. 
Describes  the  topographic  relations  of  some 
drainage  features  in  the  southeastern  oomer 
of  Pennsylvania  and  disonsses  their  history. 

[ ]  The  ice  age  in  North  America  and 

its  bearing  upon  the  antiquity  of  man. 
LByG.  F.Wright.] 

Science,  voL  14,  pp.  118-119.    1889. 
A  general  review  of  the  work. 

The  contoured  map  of  Massacbusetts. 

Science,  vol.  14,  pp.  422-423, }  p.    1889. 

A  general  review  of  the  more  characteristic 
topographic  features  of  the  State  and  some 
suggestions  in  regard  to  their  geologic  his- 
tory. 

The  rivers  and  valleys  of  Pennsyl- 

vania. 

National  Gtoogr.  Mag.,  voL  1,  pp.  183-253. 
1889. 

Abstract,  Am.  G-eolgist,  vol.  6^  pp.  00-61,  |  p. 
1891. 

Gkneral  description  of  salient  topographic 
and  geologic  features,  slcetch  of  geologic  his- 
tory, exposition  of  conceptions  of  stages  of 
development  of  drainage  systems  in  general, 
and  disonssion  of  the  genesis,  history,  and 
relations  of  the  drainage  of  Pennsylvania. 

and  "WHITTLE,  Charles  Livy,  The 

intrusive  and  extrusive  Triassic  trap 
sheets  of  the  Connecticut  valley. 

Harvard  Oollege,  Mtui.  Comp.  Zool.,  BnlL, 
vol.16,  pp.  99-138,  pL  5.    1889. 

Abstract,  Am.  Naturalist,  voL  24,  p.  708^  6 
lines.    1890. 

An  account  of  the  general  features  of  intra- 
sive  and  extrusive  sheets  in  Conneotiont  and 
the  palisade  sheet  in  New  Jersey,  and  detailed 
description  of  the  more  important  localities. 
Dlustrated  by  maps  and  sections. 

DAWSON,  George  M.  Report  on  a 
geological  examination  of  the  nortbem 
parfc  of  Vancouver  Island  and  adjacent 
coasts. 

Canada,  Geol.  and  Nat.  Hist.  Surrey, 
Report,  1880,  part  B,pp.  1-107,  plates.  1887. 
Map  No.  1  in  atlas. 

Abstract,  Geol.  Magazine,  ui,  voL  6;  pp. 
130-138.    1889. 

Description  of  Cretaceous,  Triassic,  vol- 
canics,  granites,  and  drifts,  and  discussion  of 
their  distribution,  relations,  equivalency, 
geologic  history,  the  contact  relations  of  the 
granites  uid  the  existence  of  Carboniferous 
and  Permian.  Aooompained  by  a  colored 
geologic  map. 

Notes  to   accompany  a   geological 

map  of  the  northern  portion   of  ibe 
Dominion  of  Canada  east  of  the  Rocky 

Mountains. 
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,,  William  Morris—Continned. 

Canada,  Geol.  and  Nat.  Hist.  Snrvey, 
Report,  1 686,  part  B,  pp.  62,  colored  map.   1887. 

Abstract,  Geol.  Magazine,  in,  vol.  6,  pp. 
137-138.    1889. 

Inoladea  a  discussion  of  the  characteristics, 
eqaivalenoy,  age,  range,  stmctnre,  distribu- 
tion, and  relations  of  the  Tarions  formations 
and  areas,  and  of  the  direction  of  ice  move- 
ment in  the  glacial  period. 

—  Oo  the  CaDadian  Rocky  MoantainSi 
witb  special  reference  to  that  part  of 
the  Range  between  the  49th  parallel  and 
the  headwaters  of  the  Red  Deer  River. 

Canadian  Record  of  Science,  vol.  2,  pp* 
586-200.    1887. 

Abstract,  without  geology,  British  Assoc. 
Adr.  Set.,  Report  of  the  56th  meeting,  1886, 
pp.  638-639. 

General  sketch  of  topographiQ  and  geologic 
features,  constituting  an  abstract  of  his  paper 
in  the  Canadian  Geol.  Survey  Report^  vol.  1, 
new  series,  and  de8oril>ed  in  the  1886  biblio- 
graphy. 

—^  On  certain  borings  in  Manitoba  and 
the  Northwest  Territory. 

Canada,  Royal  Soc,  Trans.,  vol.  4,  Section 
IV,  pp.  85-99.    18S7. 

Abstract,  Geol.  Magazine,  3d  decade,  vol. 
4.  pp.  278-289.    1887. 

Description  of  beds  passed  through  at 
Bosenfield  SUtion,  Rat  Creek,  SoLsgirth, 
Grenfel  Station,  McLean  Station,  Begina, 
Belle  Plain  Station,  Langevin  Station, 
Casaills,  and  Gleishen  Station,  and  discussion 
of  the  equivalency  of  some  of  the  strata, 
the  thinning  of  some  of  the  Paleozoic  forma- 
tions toward  the  region,  the  relation  of  the 
drift  deposits,  and  the  stratigraphy  of  the 
Cretaceous  at  the  Langevin  hole. 

—  Note  on  the  Cascade  Anthracite 
basin,  Rocky  Mountains. 

Am.  Q-eologist,  vol.  1,  pp.  332-333.    1888. 

General  description  of  the  trough  and 
reference  to  the  horizon  and  thickness  of  the 
Cretaceous  in  that  region. 

—  The  geological  observations  of  the 
Yukon  expedition,  1887. 

Science,  vol.  11,  pp.  185-186.    1888. 

Description  of  the  geology  of  the  Coast 
Ranges  and  of  the  region  eastward,  to,  and 
including  the  .Rocky  Mountains,  in  west 
central  British  Columbia.  Includes  refer- 
ences to  rock  series  from  granites  to  Miocene, 
relations  of  supbrfloial  deposits  and  evidence 
of  glacial  action,  terraces,  striation,  and  great 
volcanic  ash  deposit. 

—  Recent  observations  on  the  glacia- 
tion  of  British  Columbia  and  adjacent 
regions. 


DAVIS,  William  Morris— Continued. 

Geol.  Magazine,  3d  decade,  voL  6,  pp.  347- 
350.    1888. 

Am.  Geologist,  vol  3,  pp.  279-253.    1889. 

Describes  and  discusses  evidence  bearing 
on  the  extent  and  directions  of  movements  of 
the  great  ice  mass.  Includes  a  brief  refer* 
ence  to  the  occurrence  of  bowlder  clay 
deposits  and  to  the  general  terracing  of  the 
region. 

Notes   on    the  ore    deposit  of  the 

Tread  well  mine,  Alaska. 

Am.  Geologist,  voL  4,  pp.  8i-8S.    1889. 
Discussion  of  genesis  and  geologic  relations. 

On  the  earlier  Cretaceons  rocks  of 

the  northwestern  portion  of  the  Domin- 
ion of  Canada. 

Am.  Jour.  Sci.,  3d  series,  voL  38,  pp.  120- 
127.    1889. 

Abstract,  Nature,  vol.  40,  p.  404,  11  lines. 
1889.   Am.NatnraUst,vol.24,p.769,ip.    1890. 

Discoasea  correlation,  extent,  and  geologic 
history  of  Kootanie,  Queen  Charlotte,  and 
other  earlier  Cretaceous  ionnations  in  west- 
ern Canada,  relations  of  overlying  conglom- 
critic  series,  and  Canadian  equivalents  of  the 
Comanche  formation  of  the  Texas  region. 

Glaciation    of  high    points  in  the 

southern  interior  of  British  Columbia. 

Geol.  Magazine,  decade  ill,  vol.  6,  pp.  350- 
352.    1889. 

Abstracts,  Ottawa  Naturalist,  vol.  3,  pp. 
112-113,  I  p.  1889.  Am.  Natoralist,  voL  24, 
p,  771,  4  lines.    1890. 

List  of  some  glaciated  high  summits  and  re- 
marks  on  their  bearing  on  the  conditions  of 
the  glaciation  of  the  region. 

On    the  Archean,    see   FRAZER. 

Report  on  Archeau. 

See,  also^DawBOD,  J.  W.,  and  Daw- 

Bon,  6.  M.,  on  Cretaceous  plants  from 
Port  McNeill,  Vancouver  Island. 

DAVrSON,  J.  William.  On  the  cor- 
relation of  the  geological  structure  of 
the  Maritime  Provinces  of  Canada  with 
that  of  western  Europe.     (Abstract.) 

Canadian  Record  of  Science,  vol.  2,  pp.  404- 
408.    1887. 

Science,  vol.  9,  pp.  589-590.    1887. 

Discusses  the  differences  between  the  for- 
mation^f  eastern  Canada  and  those  farther 
west,  and  points  out  their  close  similarity  to 
the  formations  of  western  Europe. 

Notes  on  fossil  woods  from  the  west- 
ern territories  of  Canada. 

Canadian  Record  of  Science,  vol.  2,  pp.  48^ 
502.    1887. 
Nature,  vbL  36,  pp.  274-275.    1887. 
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DAWSON,  J.  William— Continued. 

Discusses  the  age  of  the  Laramie  group  and 
questions  of  climate  and  oontcroporaneitj''  of 
the  lower  Eocene  flora  of  different  regions. 

On  the  relation  of  the  geology  of 

the  Arctic  and  Atlantic  basins. 

British  Assoc.  Adr.  Science,  Report  of 
Fifty  sixth  Meeting,  1886,  p.  638,  ^  p.    1887. 

Points  out  the  intimate  relations  of  the  Arc- 
tic formations  to  those  of  eastern  Korth 
America. 

—  Some  points  in  which  American  geo- 
logical science  is  indebted  to  Canada. 

Canada,  Royal  Soc. ,  Trans. ,  vol.  4,  section 
IV,pp.l-8w    40.    1887. 

K68um6  of  the  history  of  geologic  research 
in  Canada,  espooially  by  Logan.  Briefly  dis- 
casses  the  sub:livisions  of  the  pre-Cambrian 
of  Canada;  the  relations  and  equivalency  of 
the  "  Quebec  *'  group,  tho  position  of  the  "  so- 
called  Jurassic  of  tho  western  tenitories  of 
the  United  States,"  and  continental  glacia- 
tion. 

On  the  fossil  plants  of  the  Laramie 

formation  of  Canada. 

Canada,  Royal  Soc,  Trans.«vol.  4,  section 
IV,  pp.  19-34,  pis.  1-2, 40.    1887. 

Describes  the  extent  and  stratigraphy  of 
the  formation  and  discosses  its  equivalency 
and  floral  relations. 

—  Cretaceons  floras  of  the  northwest 
territories  of  Canada. 

Am.  Naturalist,  vol.  22,  pp.  95^-869.    1888. 

Abstract  of  paper  read  to  Royal  Society  of 
Canada.    1888. 

Discussion  of  stratigraphic  positions,  the 
value  of  fossil  plants  iu  iudlcHting  geologic 
liorizous,  and  the  phjNical  conditions  and  cli- 
mate indicated  by  the  fauuas. 

Preliminary  note  on  new  species  of 

sponges  from  the  Quebec  group  at  Lit- 
tle Metis. 

Canadian  Record  of  Science,  voL  3,  pp.  49, 
59,  plate.    1888. 

Discussion  of  the  geologic  horizon  of  the 
beds. 

•« Eozoon  canadouse. 

Canadian  Record  of  Science,  voL  3,  pp.  201- 
226.    1888. 

Extracts  from  publications  of  the  Peter 
Bodpath  Museum,  September,  1888. 

In  pait  as  "On  new  facts  relating  to 
Eozoou  canadcnse,"  G-eol.  Magazine,  decade 
3,  vol.  5,  pp.  49-54,  plate.     1888. 

Review  of  paragraph  9,  on  upper  Lauren- 
tian,  by  A.  K.  C.  Selwyn,  Science,  vol.  11,  p. 
146,  i  coL    1888. 

Includes  incidental  references  to  containing 
beds  at  several  localitiea,  beds  of  fragmental 
Xozoon,  the  relations  of  the  limestones  of  the 


DAVIS,  William  Morris— Con  tinned, 
middle  Laurentian,  the  aqueous  origin  of  the 
greater  part  of  the  upper  Laurentian,  the 
equivalency  of  some  of  the  cr  >  stalline  rocks 
west  of  Lake  Superior  with  tho  upper  Lau- 
rentian of  St.  Jerome,  and  some  instances  of 
rock  lamination. 

Notes  on  fossil  woods   and    other 

plant  remains  from  the  Cretaceons  and 
Laramie  formations  of  the  wosteru  ter- 
ritories of  Canada. 

Canada,  Royal  Soc.,  Trans.,  yoL  5,  section 
TV,  pp.  31-37, 40.    1^88. 

Abstract^  Am.  Geologist,  vol  1,  pp.  19S-197. 
188a 

Includes  references  to  localities,  climatic 
conditions  in  later  Cretaceons  and  early  Ter- 
tiary times,  the  position  of  the  Laramie  of  the 
Northwest,  and  the  distinction  between  the 
lower  and  upper  Laramie. 

On  the  Eozoic  and  Paleozoic  locks 

of  the  Atlantic  cooipt  of  Canada  in  com- 
parison with  those  of  western  Europe 
and  the  interior  of  America. 

Oeol.  Soc,  Qnart.  Jonr.,  vol. 44,  pp.  797-8J7. 
188& 

Abstracts,  Geol.  Magazine,  3d  decade,  voL 
6,  pp.  331-332,  1888;  Canadian  Record  Sci- 
ence, voL  3,  pp.  182-183, 230-^31, 1888 ;  Nature, 
vol.  38,  p.  142,  I  col,  1888;  Popular  Science 
Monthly,  vol.  36,  p.  287,  i  p.,  1889. 

Subdivisions,  relations,  history,  extent,  and 
equivalency  of  Laurentian,  Huronian,  Cam- 
brian, Ordovioian,  Silurian,  Devonian,  and 
Caiboniferons  systems. 

[On    nomenclature,     subdivisions, 

characteristics,  evidence  of  life  and 
origin  of  some  members  of  the  Archean, 
origin  of  serpentines,  classification  oi 
Archean  eruptives,  nomenclature  of 
lower  Paleooic] 

International  Congress  of  Geologists,  Am. 
Committee  Reports,  1888,  A,  p.  71,  ^  p. 

[On  use  of  term  "  Taoonic."] 

International  Congress  of  Greologists,  Am. 
Committee  Reports,  1888,  B,  p.  17, 1  line. 
Am.  Geologist,  vol.  2,  p.  207. 
Expression  of  opinion. 


—  On  Nematophyton  and  allied  forms 
from  the  Devonian  (Erian)  of  Gasp^ 
and  Bay  des  Chaleurs.  Introductory 
geological  note. 

Canada,  Royal  Soc.,  Trans.,  voL  C,  Section 
IV,  pp.  27-36.    1889. 

Includes  a  sketch  of  the  stratigraphy  of  the 
region  and  table  showing  the  equivalency  of 
the  Devonian  beda  with  those  of  other  locali* 
ties. 
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DAWSON,  J.  William— Coiitiinie<l. 
-^—  Sopplemental  note  to  a  pnper  on  tho 
rooks  of  the  Atlantic  coast  of  Canada. 

a«ol.  Soo.,  Qnart.  Jour.,  vol.  45,  p.  80,  i  p. 
1888. 

RefereDoe  to  the  position  of  the  OUnellut 
faana  and  to  the  bearing  of  new  evidence  on 
this  point  on  the  geologic  conditions  daring 
Lower  Cambrian  and  late  pre-Caubrian  times. 

Note   on    Balanns    Hameri   in    tbe 

Pleistocene  at  Rivibre  Beaudette,  and 
on  the  ocoarrence  of  peculiar  varieties 
of  Mya  arenaria  and  M.  trnncata  in  the 
modem  sea  and  in  the  Pleistocene. 

Oanadian  Record  S€i«ic«,yoL  3,  pp.  287-293. 
188». 

Brief  reference  to  nature  and  eqniyaleney 
of  the  containing  beds. 

Handbook  of  geology  for  the  nse  of 

Canadian  students,  p.  250,  Montreal. 
1889. 

and  DAl?7SON,  G.M.    Oq   Creta- 

ceons  plants  from  Port  McNeill,  Van- 
conver  Island. 

Canada,  Royal  Soc.,  Trans.,  vol.  6,  Section 
IV,  pp.  71-72. 

Abstract,  Oanadian  Record  of  Science,  toL 
3,  p.  107,  i  p.    188^. 

Inclndes  a  description  of  the  relations  of  the 
plant-bearing  beds  and  statoment  in  regard 
to  their  equivalency  and  age. 

[D  AT,  David  T .  ]    In  fusori  a  I  earth . 

U.  S.  Geol.  Snrref,  Mining  Resources, 
1887,  p.  554,  i  p.    1888. 

Notice  of  occnrreoce  at  Pope's  Creole, 
Marjland,  and  Linltville,  Klaniatb  County, 
Oregon.  Analyses  of  former  by  P.  de  P. 
Bicketts. 


Delaware,     Sand     dunes 

ROTHROCK. 


of     Lewes, 


DEMINO,  J.  L.    See  HBRRICK,  C.  L. 
and  CLARKB,  E.  S. 

Deniaon  University,  Scientific  Labor- 
atoxiea,  Bulletin,  vol.  2. 
Clinton  group  of  Ohio,  Foerstb. 
Geological  history  ot  Licking  County, 

Hbrrick. 
Geology  of  Michipiciton  Bay,  Her- 
RICK,  Tight  and  Jones. 

voL  3. 

Clinton  group  of  Ohio,  Foerste. 
Geology   of  Licking  County,  Ohio, 
Herrick. 


Denison  Univeraity,  Scientific  Labor- 
atories, Bulletin,  vol.  4— Contiiniiul. 
Contact  pheuonieiia  in  South  Caro- 
lina, Richards. 

DENNIS,  D.  W.  The  east-wost  diam- 
eter of  the  Silurian  island  about  Cin- 
cinnati. 

Am.  Naturalist,  yol.  22,  p.  04,  8  lines.    1888. 

Abstract  of  paper  read  to  Indiana  Acndcniy 
of  Science. 

Reference  to  oecarrenco  of  l>od8  indicating 
position  of  shore  line. 

Deutache    Oeologiache    QeBellacheift, 
Zeitsclirift,  vol.  40. 
Jorullo  in  Mexico,  Felix. 


voL  4. 


Geology  of  Licking  County,  Ubrrick. 
BuU.  76 5 


",  Orville  A.  On  the  occurrence 
of  nionazite  as  an  accessory  element  in 
rocks. 

Am.  Jour.  Sci.,  3d  series,  vol  37,  pp.  1(19-113. 
1889. 

AnnoonccRient  of  dincovery  of  nionazite 
and  sircon  as  constituents  of  various  granite 
rocks  in  Brazil. 

Devonian. 

AlabafiMf  Spencer,  J.  W. 

Canadaf  At-ta-wa-pish-kat  and  Albany 

rivers.  Bell. 
Baffin  Land,  Boas. 
Eozoic   and    Paleozoic    of    Canada, 

Dawson,  J.  W. 
explorations    in    portions    of    New 

Brunswick,  Bailky  nnd  McInnes. 
gypsum     in     northern     Manitoba, 

Tyrrell. 
natural  gas  in  Quebec,  Laflammb. 
Nematophyton  from  Gasp6,  Dawson, 

J.W. 
northern  Maine  and  New  Brunswick, 

Bailey. 
northern  part   of  the  Dominion  of 

Canada,  Dawson,  G.  M. 
Nova  Scot  in,  faults  and  foldings  in 

Picton  coal  field,  Gilpin. 
Nova  Scotia,  Guyshorough,  Antigon- 

ish,  and  Pictou,  Fletcher. 
Ontario  iron  ores,  Ives. 
Outario  petroleum  field.  Bell. 
Ontario,  range  of  Haniilt  n  fossils, 

Calvin. 
organisms  in  southern  New   Bruns- 
wick, Mattukw. 
Passamaquoddy    Bay    region,   Mat- 
thew. 
Rod  Kivor    Valley,   Mauitoha,    Mc- 

Cuarle. 
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Devonian — Con  tinned. 
Canada — Continned. 

relations  between  geolop^y  of  Maine 
and  New  Brunswick,  Bailrt. 

Rocky  Mountains  near  the  51st  par- 
allel, MCCONNELL. 

well  at  Port  Colborne,  McRae. 
Georgia,  SpencbBi  J.  W. 
Indiana,  Gorlkt.    Thompson,  M. 
Iowa,  Devonian  faunas,  Williams,  H.  8. 

general  description,  Webster. 

Johnson  County,  Webster. 

Muscatine  County,  Calvin. 

Rockford  shales,  Webster. 

southeastern  Iowa,  Gk>RDON. 

well  at  Keokuk,  Gordon. 

well  at  Davenport,  Tiffany. 

well  at  Washington,  Calvin. 
Kansas,  Leavenworth  well,  Jameson. 
Kentucky,  Bath  and  Fleming  counties, 

LiINNEY. 

Clarke,  Lincoln,  Mercer,  Linnby. 
central  Kentucky,  Linnby. 
Garrard  County,  Linnby. 
Henry,  Selby,  and  Oldham  counties, 

Linnby. 
Jackson    purchase  region,   Lough- 

RIDOB. 

M^ion  County,  Knott. 
Nelson  County,  Linnet. 
Oriskany  of  eastern,  Proctor. 
Ohio  Valley,  Shaler. 
Pound  Gap  region,  Crandall. 
rocks  of  central  Kentucky,  Linnby. 
Maine,  Aroostook  County,  Bailey. 
Eastport,  Shaler. 
northern  Maine,  Bailey. 
Minnesota,  natural  gas  wells.  Winch- 
ell,  N.  H. 
maps,  Upbam. 
artesian  wells,  Hall,  C.  W. 
Missouri,  Chouteau  group,  Rowley. 
history  of  Ozark  uplift,  Broadhead. 
Macon  County,  McGbb. 
Montana,    Gallatin   region,    Haydbn. 

Walcott. 
Nebraska,  well  at  Lincoln,  Russell, 
J.  W. 
well  in  Pawnee  Covjity,  Russeli^ 
J.  W, 
New    Jersey,    Green    Pond    Mountain 
group,  Merrill,  F.  J.  H. 
geologic  map,  Cook. 
map  of  vicinity  of  New  York  city, 
Martin. 
JfewTork,  building  stouea,  Bmock. 


Devonian—Con  tin  nod. 
New  York — Continued. 

fauna  of  upper   Devonian;  Genesoe 
section,  Williams,  H.  S. 

Hamilton  of  Chenango  and  Otsego 
counties,  Prosser. 

Oneonta   sandstone,    Beechbr  and 
Hall.    Hall,  J. 

petroleum    and   gas   regions,    Ash- 
burner. 

TuUy  limestone,  Williams,  S.  Q. 

well  at  Morrisville,  Pkossru. 

Williams's  report  ou  Devonic.  Mar- 
cou. 
Nomenclature  and  classification,  report  of 
subcommittee  on  upper  Paleozoic, 
International  Congress  of  Geolo- 
gists, Williams,  H.  S. 

plants  of  the  Paleozoic,  Lesqubrbux. 

Williams's  report  ou  Devonic,  Mar- 
cou. 

comparison  of  cis-  with  trans- Atlantic 
formations,  Winciibll,  H.  8. 

types  of  Devonian  syntem  in  North 
America,  Williams,  H.  S. 
Ohio,  geology  of  Ohio,  Orton. 

Licking  County,  Hekrick. 

plants,  Newberry. 

report  ou  oil  and  gas,  Orton. 

sporocarps  in  Ohio  slate,  Orton. 

Waverly  gronx>,  Her  rick. 
Pennsylvania,  Cambria  County,  Ful- 
ton. 

four  great  sandstones,  Claypole. 

Lehigh  River   cross  section.   Hill, 

F.  A.     WiNSLOW. 

materials  of  the  Appalachians,  Clay- 
pole. 

northern,  Williams,  H.  S. 

oil  and  gas  regions,  Carll. 

paint  ores  along  Lehigh  River,  Hill, 
F.A. 
Virginias,  Greenbrier  County,  Page. 

Low  Moor,  Lyman. 

mineral     resources    of     Tennessee, 
Page. 

New    River-Cripple    Creek    region, 
d'Invilliers  and  McCreatu. 

southwestern  Virginia,  Stevenson. 

DBWUY,  Fred.  P.    Note  on  the  nickel 

ore  of  Russell  Springs,  Logan  County, 

Kansas. 

Am.  iDflt.  Mining  Engineers,  Trans.,  toL 
17,  pp.  C3(MJ37.    1889. 
iDclndea  brief  reference  to  geologio  reU- 
\        Vlqta  q1  \i«dA  In  which  it  ocean. 
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DILLER,  J.  S.  Notes  on  tbe  geology  of 
northern  California  (abstract). 

Washingtoni  Phil.  Soc,  Ball.,  toI.  9,  pp. 
4-5  (additional  note  on  p.  8).    1887. 

Am.  Jonr.  Sci.,  3d  series,  vol.  33,  pp.  152-153. 
1887. 

Am.  Geologist,  vol.  1,  pp.  125-126,  |  p.    1888. 

Popular  Science  Monthly,  vol.  32,  p  4t9, 10 
lines.    1888. 

-AbstTAct  of  n.  S.  Geol.  Survey,  Bulletin  No. 
33,  described  in  the  1886  biblioi^rapby. 

The   latest   volcanic    eruption   in 

northern  California  and  its  peculiar 
lava. 

Am.  Jour.  Sci.,  3d  series,  voL  33,  pp.  45-50. 
1887. 

Abstract,  Am.  Geologist,  vol.  1,  p.  126,  ^  p. 
1888. 

Describes  beds  of  volcanio  ash,  in  places  in- 
closing the  stumps  of  more  or  less  decayed 
trees,  and  in  part  overlain  by  a  peculiar 
"  quartz  basalt,"  the  nature,  origin,  and  occur* 
renoe  of  which  is  discussed  at  length. 

Feridotite  of  Elliott  County,  Ken- 
tucky. 

U.  S.  Geol.  Surrey,  Bull.,  vol.  0^  pp.  357- 
385,  No.  38.    1887. 

Abstracts,  Am.  Geologist,  voL  1,  p.  125,  |  p. 
1888.  Popular  Science  Monthly,  vol.  32,  p. 
420.iool.    1888. 

(By  Geo.  H.  Williams),  Neues  Jahrbooh, 
1887,  voL  2,  pp.  475-476. 

Describes  its  occurrence,  micro-petrography, 
structure,  and  alteration.  Discusses  its  na- 
ture, origin,  and  relations  to  the  associated 
Carboniferous  sandstones.  Quotes  Crandall's 
description  of  the  region. 

Supplementary  note  on  the  perido- 

tite  of  Elliott  County,  Kentucky. 

Am.  Jonr.  Sol.,  3d  series,  voL  37,  pp.  219- 
220.    1889. 
Entirely  petrographic 

[Report  on  i)etrography  of  perido- 

tite  firom  Douglas  County,  Oregon,  and 
Webster,  North  Carolina.]  See 
CLARKfi,  F.  W.,  on  nickel  ores  from 
Oregon. 

and  KUNZ,  George  F.    Is  there  a 

diamond  field  in  Kentucky  f 

Science,  vol.  10,  pp.  140-142.    1887. 

Describe  and  figure  the  peridotite  outcrops, 
call  attention  to  an  exposure  of  contact  with 
the  Carboniferous  shales,  and  discuss  the  pos- 
sibilities of  the  occurrence  of  diamonds. 

DODGE,  James  A.  Anthracite  coal  in 
the  valley  of  the  Bow  River,  Northwest 
Territory  of  Canada. 


DODGE,  James  A.— Continued. 

Am.  Geologist,  vol.  1.  pp.  172-1'!  3.     IMS. 
Analyses  and  letter  from  A.  Pngh  on  num* 
ber  of  betls  and  dip. 

DRUMMOND,  A.  T.  Th&  distribution 
and  physical  and  past  geological  rela- 
tions of  British  North  American  plants. 

Oanadian  Record  of  Science,  vol.  2,  pp.  412- 
423,457-469.    1887.    Vol.  3,  pp.  1-21.    1888. 

Discusses  probability  of  a  Tertiary  land 
connection  between  Asia  and  North  America, 
and  post- Tertiary  changbs  in  North  American 
physiography  which  would  impede  the  east- 
ward extension  of  plAuts.  Advances  botan- 
ical evidence  in  opposition  to  the  idea  of  re- 
gional glaciation  in  Canada,  and  argues  in 
favor  of  local  glaciation.  Incidentally  refers 
to  climatic  conditions  in  later  CretAceons  and 
Eocene  times  indicated  by  the  flora. 

The  prairies  of  Manitoba. 

Canadian  Record  Science,  vol.  3,  pp.  39-43. 
1888. 

Description  of  suporflcial  deposits  and  dis- 
cussion of  the  origin  of  the  prairies. 

The  great  lake  basins  of  Canada. 

Oanadian  Record  Science,  vol.  8,  pp.  142- 
147.    1888. 

Abstract,  Popular  Science  Monthly,  vol  85, 
pp.  42^423, 1  p.     1889. 

Objections  to  the  theory  of  continental  gla- 
ciation in  America.  Discussion  of  origin  of 
the  basins  and  the  relations  of  land  and  water 
in  northern  North  America  during  the  glacial 
epochs. 

The  great  lake  basins  of  the  St. 

Lawrence. 

Canadian  Record  Science,  voL  8,  pp.  247- 
287.    1889. 

Abstracts,  Science, voL  13,  p.  32,  |  col.  1889. 
Am.  Geologist,  vol.  3,  pp.  107-199,  ^  p.8.    1880. 

A  discussion  of  their  origin,  history,  associ* 
ated  superficial  deposits,  relations  to  geo< 
logic  structure  of  the  region  and  conditions 
during  glacial  period. 

DUMBLE,  E.  T.  The  Nacogdoches  oil 
field. 

Geol.  and  Sci.  Bull.,  voL  1,  March,  1888,  | 
ooL 

Beferenoes  to  the  lower  Bocene  horizon  of 
the  oil-bearing  beds. 

« 

DUNN,  Russell  L.  Drift  min  i ng  i  n  Cal  i- 
fornia. 

Oalifomia,  Eighth  Report  of  State  Mineral- 
ogist, pp.  736-770.    1868. 

Includes  references  to  the  ancient  drainnge 
systems  to  which  the  gobl-bearing  gravels  be- 
long. DiscusseH  relations,  sequence,  and  ex- 
tent of  some  of  the  lava  flows  U^  ^V^OclN^q^ 
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DUTTON,  Clarence  E.    Mount  Taylor 
and  the  ZuQi  Plateau, 

IT.  S.  Oeol.  Surrey ,  Sixth  Report,  J.  W. 
PoweU,  1884'-85,  pp.  100-108,  pis.  11^22.     1885. 

Abstracts,  Am.  Joar.  Soi.,  3d  series,  vol.  34, 
pp.  15^168,  pis.  11-12 ;  Science,  vol.  10,  pp.  817- 
318.    1887. 

Describes  the  High  Plateaa  country  as  a 
whole,  the  foimatious  of  northwestern  New 
Mexico,  extending  Arom  upper  Carboniferoas 
to  Wahsatch  sandstone,  the  uplift  or  "swell" 
of  the  Zafii  Plateau,  the  Zufii  uplift,  Mount 
Taylor  and  vicinity  with  its  great  middle 
Tertiary  lava  flows  and  old  vents,  the  newer 
lavas  of  the  San  Jos6  valley  region  and  their 
source,  and  the  areal  geologic  features  in 
general.  Discusses  questions  of  synchronism 
and  stratigraphy,  especially  in  regard  to  the 
Juraand  Trias,  the  mechanism  of  the  faults  on 
the  southwest  side  of  the  Zu&i  Plateau,  the 
relalious  of  the  Arohean  to  the  adjifcont  Car- 
boniferous rocks  along  the  axis  of  the  Zufii 
Plateau,  and  the  age,  extent,  and  mode  of  ex- 
tmsion  of  the  lavas  of  Mount  Taylor  and 
▼ioinity,  and  of  the  more  recent  flows.  Chap- 
ter V  consists  of  a  general  discussion  of  the 
geologic  history  of  the  High  Plateaa  and  ad- 
joining regions. 

The  Bubinergod  trees  of  the  Colum- 
bia River. 

Science,  vol.  0,  pp.  82-84.    1887. 

Describes  evidence  of  a  slight  postglacial 
transverse  anticlinal  as  the  cause  of  dam- 
ming. 

[On  geologic  nomenclature  in  gen- 
eral, and  ttie  clas-silicatiou,  nomencla- 
ture, and  dlbtiuctive  cbaractoristics  of 
the  pre-Cambrian  furuiations,  and  the 
origin  of  serpentines.] 

Intemadonal  Oongress  of  Geologists,  Am. 
Committee  Reports,  1888,  A,  pp.  71-73. 

[ ]  [On  the  use  of  the  term  Taoonic] 

International  Congress  of  Geologists,  Am. 
Committee  Reports,  1888,  B.,  p.  17, 1  line. 
Am.  Geologist,  vol.  2,  p.  207.    1888. 
Statement  of  opinion. 

-  Report — Division  of  vulcanic  geol- 
ogy- 

IT.  S.  Geol.  Survey,  Seventh  Report,  J.  W. 
Powell,1885-'86,  pp.  97-103.     1888. 

Includes  a  general  dcncnptiou  of  the  geol- 
ogy of  the  region  botwoen  the  Cascade  Kanges 
and  the  Siorra  Nevada,  the  soulhom  part  of 
the  Cascade  Kau^es,  and  the  region  westward, 
including  the  Coast  Kanges  in  western  Oregon 
and  northwestern  (Jalifornia. 

On  some  of  the  greater  problems  of 

physical  geology. 

Washington  Phil.  Soc,  Boll.,  vol.  11,  pp. 
5i-6L    1889. 


DUTTON,  Clarence  E.— Continued. 
Discussion  of  earth  crust  deformation. 

DVTIGHT,  William  B.  Pal^eontological 
observations  oq  the  Taconic  limesUines 
of  Canaan,  Columbia  Oouucy,  Now 
York.    (  Abstract. ) 

American  Naturalist,  voL  21,  pp.  270-271. 
1887. 

Describes  Trenton  and  Calciferous  fossilif- 
erous  limestone  exposures. 

Primordial  rocks  of  the  Wappiugcr 

Valley  limestones. 

Vassar  Brothers'  Inst.,  Trans.,  vol.  4,  pp. 
130-141,  PL  1.    1887. 

Republication  of  a  paper  entitled  **  Discov- 
ery  of  fossiliferous  Potsdam  strata  at  Pough- 
keepsie.  New  Cork,"  in  Am.  Jour.  Sci..  3d 
series,  vol.  31,  pp.  125-133,  pi.  6,  and  described 
in  the  bihliography  for  1886. 

Primordial  rocks  of  the  Wappinger 

Valley  limestones  and  associated  strata. 

Vassar  Brothers' Inst.,  Trans.,  voL  4,  pp. 
206-214.  1887.  See.  also.  Am.  Joxvr.  Sci.,  3d 
series,  vol.34,  pp.  27-32.    1887. 

Calls  attention  to  several  now  localities  of 
fossiliferous  Potsdam  and  discusses  tlie  rela- 
tions of  the  several  belts  of  this  formation  to 
each  other  and  to  the  associated  1imoj»tone«. 
Announces  the  discovery  by  himself  aod 
Walcott  of  middle  Cambrian  remains  in  tlie 
quartzites  and  limestone  on  the  flnnks  of 
Stissing  Mountain  and  its  vieinity,  and 
describes  the  structure  cf  the  ivgion.  Gives 
a  general  r6sum6  of  the  fornisiion.H  occurring 
in  Dutchess  Count}%  New  York.     — 

[Remarks    on    crnstal   plication  in 


continental  elevation.] 

Vassar  Brothers' Inst.,  Trans.,  vol.  4,  pp. 
271-273.    1887. 

Diacusses  Warring's  address  on  the  evolu- 
tion of  continents. 

—  Hooent  explorations  in  the  Wappin- 
ger Valley  limestone  of  Dutcht'ss 
County,  New  York.  No.  6.  Discovery 
of  additional  fossiliferous  Potsdam 
strata  and  pre-Potsdam  strata  of  the 
Olenellus  group,  near  Poughkeepsie, 
New  York. 

Am.  Jour.  Sci.,  3d  series,  voL  34,  pp.  27-32. 
1887. 

Essentially  similar  to  "Primordial  rocks  of 
the  Wappinger  Valley  lioieetoues  and  asso- 
ciate strata,'*  which  antedates  it. 

—  Recent  explorations  in  the  Wappin- 
ger Valley  limestones  and  other  forma- 
tions of  Outchess  County,  New  York. 
No.  7.  Fossiliferous  strata  of  the  para- 
doxides  zone  at  Stissing.    No.  8.    Dis- 
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DWIGHT,  William  B.-Continued. 
covery    of  Calciferoas    fossils  in  tbe 
Millcrton-Fishkill  limestone  belt ;  also 
in  a  belt  near  Rliinobeck. 

Am.  Jonr.  Sci.,  3d  series,  vol.  38,  pp.  13D- 
153.  pi.  0.    1889. 
No.  7.  Description  of  relationa  of  Oleuellas- 


D"W1GHT,  William  B.— Continued. 

OrdoYician  in  the  vicinity  of  Stissinf;  Monn- 
*  tain  and  Pine  Plains.  Descriptions  of  fossils. 
No.  8.  Announcementof  discovery  of  fossils 
and  brief  discussion  of  relations  of  limestones 
and  Bchist«  in  tlie  vicinity  of  Mlliprton; 
also  announces  fossils  from  near  Rhinebeck. 


E. 


Edlnbnrgh  Geological  Society,  Trans- 
actions, vol.  5. 

Canadian  and  Scottish  glacial  geol- 
ogy, Richardson. 

Geology  of  Winnipeg  distriot,  Mc- 
Charlrs. 

Lake  age  in  Ohio,  Claypole. 

Terraces  of  American  lakes  and  roads 
of  Glenroy,  Kinahan. 

Eccentricity  theory  of  glacial  cold, 
Claypole. 

ELDRIDGE,  George  H.  Some  sngges- 
tions  upon  the  method  of  grouping  the 
formations  of  the  middle  Cretaceons 
and  the  employment  of  an  additional 
term  in  its  nomenclature. 

Am.  Jonr.  Sci.,  3d  series,  vol.  38,  pp.  813- 
321.    1889. 

Abstract,  Am.  Naturalist,  toL  24,  p.  769,  (  p. 
1890. 

A  discussion  of  the  classification  of  the 
middle  Cretaceons  in  tbe  West  and  Northwest, 
iucludins  a  general  description  of  the  charac- 
terit»tica  of  its  eeveral  members. 

On  some  stratigraphical  add  struo* 

tnral  features  of   the  country  about 
Denver,  Colorado. 

Colorado  Sci.  Soc,  Proc,  vol.  3,  pp.  86-118, 
1889. 

Description  of  the  Archean  and  Triassic  to 
Ttrtiar3'  formations,  coals,  unconformities, 
faults,  flexures,  and  topographic  characteris- 
tics, discussion  of  various  questions  of  equiv- 
alency and  clossifleatiOD,  and  sketch  of  geo- 
logic history  of  the  region. 

Eliaha    Mitchell   Scientific    Society 
Journal,  1888,  part  2. 
Mica    mining    in    North    Carolina^ 
Phillips. 

ELLS,  R.  W.  Report  on  the  geology  of 
a  portion  of  the  eastern  townships, 
relating  more  especially  to  the  counties 
of  Compt<on,  Stanstead,  Beauce,  Rich- 
mond, and  Wolfe. 

Canada,  Grool.  and  Nat.  Hist.  Survey,  Re- 
port, 1886,  part  J,  pp.  70,  plates,  map  5  in  at- 
Lm.    1887. 


ELLS»  R.  W.— Continued, 

Abstracts,  Ibid.,  part  A,  pp.  28-36.  Oeol. 
Magazine,  iit,  vol.  6,  pp.  134-135.    1889. 

Description  of  Silurian,  Cambro- Silurian, 
CambriaSi,  pre-Cambrian,  granites,  diorites, 
serpentines,  drifts  and  structure,  and  di8> 
onssion  of  the  age,  history,  equiviUency,  and 
'structural  relations  of  the  several  formations, 
and  the  nature  of  glaciation  in  the  region. 
List*  of  glacial  strise.  Accompanied  by  a 
colored  geologic  map. 

Elementary  lecture  on  geology. 

Ottawa  KatnraUst,  vol.  2,  pp.  117-134.    1889. 

An  acoouDt  of  the  history  of  geologic 
science  and  sketch  of  geologic  history  of 
Canada,  in  which  are  included  brief  discus- 
sions of  the  nature  and  relations  of  the  pre- 
Cambrian  crystallines  and  of  the  conditions 
during  the  Quaternary. 

Notes  on    the  geological   relations 

and  mode  of  occurrence  of  some  of  the 
more  important  economic  minerals  of 
eastern  Quebec. 

Ottawa  Naturalist,  vol.  3.  pp.  45-57.    1889. 

Includes  a  brief  general  account  of  the 
geology  of  the  region,  incidental  references 
to  geologic  features,  and  allusions  to  age  of 
the  gold-bearing  series  and  to  occurrence  and 
relations  of  the  serpentines. 

EMERSON,  B.  K.  The  Connecticut 
Lake  of  the  Champlain  period,  north 
of  Holyoke. 

■ 

Am.  Jour.  Sci.,  3d  scries,  vol.  34,  pp.  404- 
405,  i  p.    1887. 

Abstract  of  paper  on  Hampshire  County, 
Massachusetts.  Describes  the  outline  of  the 
lake  and  its  deposits.  Discusses  the  duration 
of  the  lake  and  the  remoteness  of  the  glacial 
"period, 

—  [On  the  use  of  the  term  "  Taconic.''] 

International  Oongress  of  Geologists,  Ai^ 
Oom.  Reports,  1888^  B.  p.  17, 2  lines. 
Am.  Geologist,  vol.  2,  p.  207.    1888. 
Expression  of  opinion. 

Topography— geological     features 

[etc.  1. 

Massachusetts,  Hampshire  Ooonty  Ga* 
zetteer,  1664-1887,  by  W.  B.  Gay^  S^^raev^aRs 
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BMERSON,  B.  K.— Continnod. 

CrystiUlme  rocks,  Triassio  fomiatioii  and 
glacial  features,  and  a  brief  sketch  of  the 
geologic  history  of  the  region. 

On  the  Archean.     See  FRAZBR. 

Report  on  Arcbean. 

EMMONS,  Ebenezer.    Geolo|;y  of  the 

Montmorenoi. 

Am.  Geologist,  yoI.  2,  pp.  94-100.    188& 
From  the  Am.  Magazine,  November,  1841. 

EMMONS,  S.  F.  Report  *  *  ' 
Rooky  Mountain  division. 

U.  S.  O-eol.  Surrey,  Sixth  Report,  1884-'85, 
pp.  62-67.    1885. 

Outlines  evidence  in  the  Gunnison  district 
and  elsewhere,  indicating  a  Jurassic  and  a 
Carboniferous  unconformity  in  the  Bocky 
Mountain  region.  Describes  the  age  and  eZ' 
tent  of  the  uplifts. 

[On  the  use  of  the  term"Taconic."] 

International  Congress  of  Geologists,  Am. 
Oommittee  Report,  1888,  H,  p.  17, 2  lines. 
Am.  Geologist,  vol.  2,  p.  207.    1888. 
Expression  of  opinion. 

^—  Geology  and  mining  indnstiy  of 
Leadville,  Colorado.  U.  S.  Geol.  Sur- 
vey, Monographs.  No.  12, 2  vols.  4^:  vol. 
1,  pp.  XXIX,  1-362,  pis.  1-21;  vol.  2, 
pp.  363-770,  pis.  22-45,  and  folio  atlas  of 

35  plates.    Washington,  1886. 

Abstracts,  Science,  toL  11,  pp.  18-10, 1880 ; 
Am.  Geologist,  voL  1,  pp.  104-105,  1888; 
Nature,  vol.  30,  pp.  484-485,  1889;  Scottish 
Geogr.  Mag.,  voL  5,  pp.  108-202, 1880. 

Detailed  description  of  the  geology  of  the 
Mosquito  Range  and  of  Leadville  and  vicinity. 
Discusses  geologic  history ;  stratigraphy  and 
strnctoral  relations;  origin  of  dolomites;  occur- 
rence of  serpentine  in  Silurian  rocks  and  else- 
where ;  the  relations  of  tlie  fRult5«  and  flexures 
and  their  development;  the  structure  of  the 
Rocky  fountains  and  Basin  Ranges ;  the  suc- 
cession, age,  extent,  texture,  and  composition 
of  the  eruptive  roeks,  the  mechanism  and  ex* 
tent  of  intrusion,  the  distribution  of  intrnsives 
in  the  Rocky  Mountains,  the  occurrence  of 
laccolitos  in  the  Henry  Mountains  and  else- 
where ;  contact,  nietamorphisra,  classification 
of  ore  deposits  in  general,  and  the  relations, 
composition,  and  genesis  of  the  Leadville  de- 
posits. Accompanied  by  maps,  plans,  and 
sections,  and  includes :  Appendix  A,  Petrog- 
raphy, by  Whitman  Cross;  B,  Chemistry, 
by  W.  P.  Hillebrand,  and  C,  Metallurgy,  by 
Antony  Guyard. 

Notes  on  some  Colorado  ore  deposits. 

Oolorado  Sol.  Soc,  Proo.,  vol.  2,  part  2,  pp. 
85-105.    1887. 

Considera  the  relation  of  faul  Is  to  ore  do- 
posits,  describing  some  features  of  the  Lead- 
ville, Carbonate  Hill,  and  San  Jaan  regions. 


EMMONS,  S.  F.-^Continned. 

Discusses  Eome  metAmorphio  changes  in  the 
San  Juan  region  and  secondary  alteration  of 
ore  deposits  in  general,  and  as  observed  at 
Red  Cliff  and  Leadville. 

Notes  on  the  geology  of  Bntte,  Mon- 
tana. 

Am.  Inst.  Bllining  Engineers,  Trans. ,  vol. 
16,  pp.  40-62.     1887. 

Describes  the  topography,  mineral  deposits 
and  characteristics,  and  distribution  of  the 
rooks.  Discusses  the  origin  of  the  depression 
In  which  Butte  is  situated,  the  history  of  its 
-  ores,  and  the  relations  of  the  fissures.  The 
genesis  of  the  ores  is  also  discussed  by  R.  W. 
Raymond,  pp.  11-14. 

The  submerged  trees  of  the  Colum- 
bia River. 

Science,  vol.  0,  pp.  156-157.    1887. 

Discusses  the  cause  of  the  damming  of  the 
Columbia  River,  restating  an  explanation 
previously  published,  and  opposing  Dut ton's 
theory  of  a  transverse  antiolinaL 

Structural  relations  of  ore  deposits. 

Am.  Inat.  Mining  Engineers,  Trans.,  vol. 
16,  pp.  804-«30.     1888. 

Discussion  of  causes,  nature,  and  relations 
of  structnnU  and  physical  conditions  affect- 
ing the  transportation  and  deposition  of  min- 
eral matter.  References  to  relations  of  faults 
and  mineral  deposits  in  various  jMU-ts  of  Colo- 
rado and  at  the  Ontario  mine,  Utah. 

On  the  origin  of  fissure  veins. 

Oolorado  Scl.  Soo.,  Proc,  vol.  2,  pp.  189- 
208.    188& 

Discussion  of  the  physical  and  structural 
conditions  affecting  the  transportation  and 
deposition  of  mineral  matters  uid  the  origin 
and  relations  of  fissures  and  planes  produced 
by  dynamic  movem^its. 

On  glaciers  in  the  Rocky  Mountains. 

Colorado  Sci.  Soc,  Proc,  vol.  2,  pp.  211- 
227.    1888. 

Consists  mainly  of  a  discussion  of  distinc- 
tions between  glaciers  and  n6v6  and  an  ac- 
count of  the  existence  of  glaciers  in  the  Rocky 
Motthtains  and  the  Sierra  Nevada.  Refers 
also  to  the  results  of  former  glaciation  in  the 
same  regions. 

Preliminary  notes  on  Aspen,  Colo- 
rado. 

Oolorado  Sci.  Soo.,  Proc,  vol.  2,  pp.  251- 
277.    188& 

Account  of  geologic  relations  of  the  region 
and  discussion  of  the  structure  of  Aspen 
Mountain,  the  dolomitization  of  the  lime- 
stones, and  evidence  bearing  on  the  sequence 
of  porphyry  iatrnsionSj  faulting,  and  ore  depo- 
sition.   Reference  to  evidences  of  glaciation. 

-  [On  subdivisions,  nomenclature,  ori- 
gin of  some  members,  and  oharacteris- 
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EMMONS,  S.  F.— Continued, 
tics  of  the  Archean,  classificj^tion  of 
ernptives,  and  origin  of  serpentines.] 

International  Oongreaa  of  Oeologiats,  Am. 
Oommittee  Reports,  1888,  A,  pp.  58-41. 

[On  the  use  of  the  Term  »*Taconic." 

International  Oongreaa  of  Oeologiitfli  Am. 
Committee  Report,  1888,  B,  p.  17, 2  lines. 

ENDLICH,   F.  M.    The  origin  of  the 
gold  deposits  near  Ouray,  Colorado. 

Eng.  and  Mining  Jomr.,  voL  48,  p.  335, }  p. 
4P.    1880. 

Includes  a  f^eneral  description  of  the  geo- 
lof^c  featares  of  the  region. 

ENGINEERING      AND      MINING- 
JOURNAIi.    Gogebic  iron  mines. 

Eng.  and  Mining  Joor.,  vol.  43,  p.  182,  4°. 
1887.       ^ 

Description  of  natare  and  structure  of  ore 
beds  and  associated  strata. 

The  "Dauntless"  core  drill. 

Eng.  and  Mining  Jour.,  yoL46,  p.l03.  4P, 
1888. 

Gives  columnar  section  of  coal  measures  in 
drill-bole  at  Saybrook,  Xliiuois. 

The  Sylvanite  mine,  Colorado. 

Eng.  and  Mining  Jour.,  voL  46,  pp.  499-500. 
40.    1888. 

Brief  reference  to  presence  of  associated 
diorite  and  hif^hly  altered  sediments. 

Zinc  mining  in  Arkansas. 

Eng.  and  Mining  Jour.,  vol.  47,  p.  431,  |  p. 
40.    1889. 

Includes  a  brief  general  sketch  of  geology 
of  zinc  region  in  Marion  County. 

Engineering  and  Mining  Journal,  vols. 
43  and  44. 

American  chemical  industries,  salt, 

Wyatt. 
Battle  Mountain  mining  district,  Oi> 

COTT. 

Chapin  iron 'mine.  Lake  Superior, 
Larsson. 

Copper  deposits,  Morenci,  Arizona, 
Henrich. 

Copper  ores  of  Southwest,  Wendt. 

Earthquake  phenomena,   FREE^fAN. 

Elements  of  primary  geology,  Hunt. 

Fossil  fuels  of  Illinois,  Comstock. 

Geologic  map  of  Europe,  Raymond. 

Geologic  survey  of  New  Jersey,  Re- 
port, Raymond. 

Gogebic  iron  mines,  Eng.  and  Min- 
ing Journal. 

Lead  and  copper  of  Missouri,  Clerc. 

Miueral  resources  of  Kentucky,  Proc- 
TOB. 


Engineering  and  Mining  Journal,  vols. 
43  and  44 — Continued. 
Natural  gas  in  United  States,  Asii- 

burner. 
Phoenix  mine,  Arizona,  Ricketts. 
San  Pedro  copper  mine,  New  Mexico, 

Henrich. 
Silver  mines,  Thunder  Bay,  Bell. 
Tin  in  North  Carolina,  Van  Ness. 

voL  45. 

Western   iron    belt   of    Tennessee, 

KiLLEBREW. 

East  Tennessee  minerals,  Cowlam. 
Mineral     resources    of     Tennessee, 

Proctor. 
Ca3ur    d'Alene     silver-lead     mines, 

Clayton. 
Beaver  niiue,  Ontario,  Canada,  Brent. 
Formation  of  coal  scams,  Natiiurst. 
Geology    of    Aspen,    Colorado,    ore 

deposits,  SiVER. 
Geology    and    mining    industry    of 

Leadville,  Emmons    [Review], 

Raymond. 
Mica    mining   in    North    Carolina, 

Phillips. 
Formation  of  coal  seams,  Gresley. 
Formation  of  coal  beds,  Wardroper. 
vol.  46. 


Aspen  Mountain  ores,  Brunton. 

Drumlummon  group  of  veins,  Clay- 
ton. 

Ore  deposits  of  Red  Mountain  dis- 
trict, Colorado,  Kedzie. 

"Dauntless"  core  drill.  Engineer- 
ing AND  Mining  Journal. 

Michigan  gold  fields,  Parker. 

Coal  measures  of  Kansas,  Wooster. 

Petite  Anse  salt  mine,  Pomeroy. 

Life  history  of  Niagara  Falls,  Pohl-  * 

MAN. 

Ore  deposits  in  limestones,  Henrich. 

United  and  Champion  copper  miues 
of  New  Zealand,  Henrich. 

Metamorphism  in  rocks,  Henrich. 

Drainage  of  the  valley  of  Mexico, 
Chism. 

Colorado  oil  fields,  Newberry. 

Sylvanite  mine,  Colorado,  Engineer- 
ing AND  Mining  Journal. 


vol  47. 


Coal  field   of    southwest    Virginia, 

KiLLEBREW. 

Reymert  loilo,  Arizona,  Blauvelt. 
Zinc  mining  in  Arkau&e&^  l£i.^Qi.  K^\k 
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Engineering  and  Mining  Journal,  voL 
48 — Continnecl. 
Slay  bach  lode,  Hbnpich. 
Iron  ore  at  Bneoa  Vista,  Yirginia, 

Pkciiin. 
Is  a  faulted  fissnre  tbe  oldest?  Hrn- 

RICH. 

History  of  tlie  great  Arjerican  lakes, 
Newbbrry. 

Gold  deposits  near  Ouray,  Colorado, 
Enducu. 

Catorce  miniug  district,  Chism. 
laSBex  Institute,  Bulletin,  voL  20. 

Geology  of  vicinity  of  Salem,  Massa- 
chusetts, Sears. 
vol.  21. 

Geological    and    miDoralogio    notes, 
Skars. 
Europe. 

classification    of    Cambrian,    Mat- 
thew. 

ancient    glaciers    of    North    Wales, 
Evans. 


Europe — Con  ti  n  n  e  d . 

Extra-morainic  lakes  and  clays  in 
England,  North  America,  etc. 
Lewis. 

comparison  of  cis-  with  trans-Atlan- 
tic formations,  Williams,  H.  8. 

faunas  of  lower  Lias,  Hyatt. 

geologic  map,  Frazbr.    Raymond. 

geological  tourist  in  Europe,  Lanb. 

glacial  erosion  in  Norway,  Spencbr. 

neighborhood  of  Seville,   Lockino- 

TON. 

position  of  Alpine  Rbffitio,  Clark. 
terminal  moraines  in  North  Germany, 

Salisbury. 
stratigraphic  position  of  Olenellus, 

WAIX30TT. 

EVANS,  F.  Johnston.    Among  the  an- 
cient glaciers  of  North  Wales. 

Am.  Natnralist,  vol.  23,  pp.  8-17.    1889. 
I>e8criptiou  of  evidencea  of  glaciaiion. 


P. 


FARIBAULT,  E.  R.  Report  on  the 
lower  Cambrian  rocks  of  Gnjsborongh 
and  Halifax  counties,  Nova  Scotia. 

Oanada,  G-eol.  and  Nat.  Hist.  Surrey,  Re- 
port, 1886,  part  P,  pp.  129-163.    1887. 

Abstxnct,  Ibid.,  part  A,  pp.  43-45. 

Description  of  the  distribution,  character- 
iatics,  and  contact  relations  of  the  granitea 
and  the  Cambrian  beds,  and  the  faults  and 
flexures  traversinj;  them. 

FARNSVrORTH,  P.  J.  Pockets  con- 
taining fire-clay  and  carbonaceons 
materials  in  the  Niagara  limestone  at 
Clinton,  Iowa. 

Am.  Geologist,  vol.  2,  pp.  331-334.    1888. 

Description  and  discussion  of  mode  of  ori* 
g\n  and  equivalency  with  other  similar  de- 
posits. 

FAUR,  Faber  dn.  The  snlphnr  deposits 
of  son  them  Utah. 

Am.  Inst.  Mining  Engineers,  Trans.,  toL 
le,  pp.  3a-3&    1887. 

Describes  decomposed  andesites,  trachyte, 
and  limestone  with  sulphur  impregnations. 

FELIX,  Johannes.  Ueber  einen  besuch 
des  Jorullo  in  Mexico. 

I>3ntsche  Geol.  Gesell.,  Zeit.,  vol.  40,  pp. 
155.357.    1888. 


FELIX,  Johannes— Continued. 

Includes  references  to  the  nature  and  rela- 
tions of  the  lavas,  and  the  character  of  the 
crater. 

FEWKES,  J.  Walter.    On  the  origin  of 
the  present  form  of  the  Bermudas. 

Boston  Soc.  Nat.  Hist.,  Proc.,  vol.  23,  pp. 
518-522.    1888. 

Discussion  of  eroeive  agents  and^xtent  of 
erosion. 

Across  the  Santa  Barbara  Channel. 

Am.  Naturalist,  vol.  23,  pp.  211-217, 387-394. 
1889. 

Includes  references  to  some  geologic  fea- 
tures and  history  of  Santa  Cruz  Island,  and 
the  origin  of  some  sandstone  bowlders  near 
Santa  Barbara. 

FINCH,    W.    W.    Infusorial   earth    at 
Santa  Barbara,  California. 

Santa  Barbara  Soc.  Nat.  Hist.,  Bull.  No.  1, 
pp.  8-11.    1887. 
Not  seen. 

FISCHER,  Moritz.    Natural  gas  in  Ken- 
tucky. 

D.  S.  O-eol.  Survey,  Mineral  Reaovrcee, 
1887,  pp.  480-492.    188a 

Abstract  from  Am.  Mannfactarer,  NaUind 
gas  supplement.    1886. 
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FLEMING,  H.  S.  General  description 
of  the  ores  used  in  the  Chattanooga 
district. 

Axn.  Izixt.  Mining  EngineerSi  Trani.,  vol. 
15,  pp.  757-701.     1887. 

Analyses  of  some  Alabama  and  East  Ten- 
nessee Clinton  iron  ores. 

FLETCHER,  Hugh.  Report  on  geo- 
logical surveys  and  explorations  in  the 
counties  of  Guysborough,  Autigouish| 
and  Pictou,  Nova  Scotia,  from  1882  to 
1886. 

Canada,  Oeol.  and  Nat.  Hist.  Snrr^j,  Re- 
port, 1886,  part  P,  pp.  5-12a    1887. 

Abstract,  Ibid.,  part  A,  pp.  42-45. 

Gaol.  Magazine,  III,  vol.  6,  pp.  13<^137,  }  p. 
1889. 

Description  of  formations  ftom  pre- Cam. 
brian  to  Permian,  superficial  deposita,  vol- 
canic and  metamorphic  rooks,  struct aral  rela- 
tions and  overlaps,  and  discnosion  of  equiva- 
lency, age,  history,  and  distribution  of  the 
formations  at  various  localitiea.    Soils. 

Florida,  deposits  of  phosphate  of  lime, 

Pknrose. 
geology  of.  Dall.    Johnson. 
Geologic  Survey  Report,  KosT. 
Miocene,  Langdon. 
Okeechobee    wilderness    and    west 

coast,  Hbilprin. 
well  at  St.  Angustiue,  Kennish. 
intermediate  Pleistocene  fauna, Cope. 

FOERSTE,  A.  F.  The  Clinton  gronp  of 
Ohio,  part  2. 

Denison  Unir.  Bull.,  toL  2,  pp.  89-110,  pi.; 
pp.  148-170,  pis.  X,  xv-xvii.    1887. 
Paleontologic. 

Notes  on  a  geological    section    at 

Todd's  Fork,  Ohio. 

Am.  Oeologist,  vol.  2.  pp.  412-419.  1888. 
Description  of  Cincinnati  blue  clay,  mark- 
ing the  perio<l  of  disturbance  between  lower 
and  upper  Silurian.  Discussion  of  equiva- 
lency, paleonotologic  relations,  and  history  of 
tbe  sevoral  members. 

—  The  Clinton  group  of  Ohio,  part  iv. 

Deniaon  Univ.,  Sci.  Laboratories,  Bull., 
vol.  3.  pp.  3-12.     1888. 

Lithologio  characteristics;  analyses;  oc- 
enrrences  of  foAsils;  discussion  of  8ul)divi- 
■ions  and  their  equivalency,  relationa  to 
adjoining  formations,  extent  and  faunal  re- 
lationa. 

•^—  The  paleontological  horizon  of  the 
limestone  at  Nahant,  Massachusetts. 
Boston  Soc.  Nat.  Hist.,  Proo.,  vol.  24,  pp. 
261-263.     1889. 

Abstract,  Am.  Jonr.  Sci.,  3d  series,  vol  39 
p.U,ip.    1890. 


FOERSTE,  A.  F.— Continued. 

Discussion  of  the  relations  and  equivalency 
of  the  Nahant  limestones  and  of  the  Cambrian 
rocks  of  eaNtem  Massachusetts. 

Notes  on  Clinton  gronp  fossils,  with 

special    reference  to   collections  from 
Indiana,  Tennessee,  and  Georgia. 

Boston  Soc.  Kat.  Hist.,  Proc,  vol.24,  pp. 
263-355,  pis.  5-9.    1880. 

Abstract-,  Am.  Jour. 'Sci.,  3d  series,  vol.  40, 
pp.  252-254.    1890. 

Includes  brief  description  of  the  strati- 
graphy of  the  Silurian  formations  at  Hanover, 
Indiana,  and  at  a  locality  in  northwestern 
Georgia. 

Fence-wall  geology. 

Am.  O-eologist,  vol.  4,  pp.  367-371.    1888. 

Sci.  Am.  Snpt.,  vol.  29,  pp.  11718-11749,  1| 
ools.,  40.N0.735.    1890. 

Hints  on  the  study  of  areal  geology  in  drift- 
covered  areas. 

FORD,  S.  W.     [On  the  nomenclature  of 
the  American  lower  Paleozoic] 

Intematlonal  Oongresa  of  Geologista,  Am. 
Committee  Reports,  1888,  B,  pp.  9-iO. 
Am.  Geologist,  vol.  2,  pp.  190-200.  188& 
Keference  to  the  equivalency  of  the  '*  Que- 
bec group,"  use  of  term  Cambrian,  position  of 
base  of  Silurian,  and  the  application  of  the 
term  "primordial  fauna." 

Notes  on  certain  fossils  discovered 

within  the  city  limits  of  Quebec. 

New  York  Acad.  Science,  Trans.,  vol.  7, 
pp.  2-5.    1888. 

Review  of  Charlos  Lapworth,  1886.  Dis- 
cussion of  the  age  and  fauna!  relations  of  the 
containing  beds,  and  of  the  stratigraphic  posi- 
tion and  reLitions  of  the  Norman's  Kill  grap 
toUtic  slatea  in  central  eastern  New  York. 

Fonim,  1888,  Changes  of  level  of  the 
Great  Lakes,  Gilbert. 

Franklin  Institute,  Journal,  vols.  123, 
124. 
International  Congress  of  Geologists, 

Frazer. 
Stratification  of  antliracite  of  Penn- 
sylvania, Wasmutii. 

voL  125. 

Southern    anthracite    coal   field    of 
Peunsylvania,  Wasmutii. 

FRAZER,  Persifor,  Jr.    A  card  to  Ameri- 
can geologists. 

Am.  Jonr.  Sol.,  3d  series,  vol.  33,  pp.  157-158. 
1887. 

Announcement  of  time  of  meeting  of  Ameri- 
can Committee  of  the  International  Congress, 
and  request  for  statements  of  views  in  regard 
to  cUsaiflcation,  nomeAcUX^T^^^K^^TVEi^v^j^ 
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FRAZER,  Persiforjr. — Con  tinned. 

International  Congress  of  Geol- 
ogists— ^American  Committee  meeting 
at  Albany. 

Science,  vol.  9,  pp.  il6-417.    1887. 

Axn.  Jour.  Sci. ,  3d  serieg,  vol.  33,  pp.  510-612. 
1887. 

Abstract  in  part,  Franklin  Inet. ,  Jour. ,  vol. 
123,  pp.  423-424.    1887. 

Keport  of  proceedings,  and  a  oironlar  de- 
scribing the  allotmeut  of  subjects  to  report- 
ers, who  request  aid  in  the  preparation  of 
their  reports. 

Note  on  the  new  geological  map  of 

Europe. 

Am.  Inst.  Mining  Engineers,  Trans.,  voL 
15,  pp.  681-484.    1887. 

Information  in  regard  to  its  preparation  and 
sale. 

The  address  of  Vice  President  G.  K. 

Gilbert  before  section  £,  American 
Association  for  the  Advancement  of 
Science,  Colnmbia  College,  New  York, 
August  10, 1887. 

Am.  Natnralist,  vol.  21,  pp.  841-847.    1887. 

A  general  review  and  discussion  of  the 
salient  poiots  of  the  address,  which  is  on  the 
work  of  the  International  Congress  of  Geolo- 
gists. 

The  relations  of  the  International 

Geological  Congress  to  geological 
workers. 

Science,  vol.  D,  pp.  439-440.    1887. 

Calls  attention  to  the  generalized  and  lib- 
eral nature  of  the  decisions  of  the  Congress, 
quoting  some  of  its  recommendations  as  in- 
stances. 

Geological  questions. 

Science,  vol.  10,  p.  35.    1887. 

Concerning  susge^tions  on  nomenclature  by 
the  International  Committee,  the  relations 
and  subdivisions  of  the  Archean,  the  age  and 
nature  of  orystHlliue  rocks,  applicability  of 
some  European  terms  to  American  forma- 
tions, organic  life  in  the  "Arciiean,"  on  the 
classification  and  map  coloring  of  eruptive§, 
the  nature  of  serpentines,  the  use  of  the  term 
"Taconio,"  and  the  subdivision  of  the  Cam- 
brian. 

The  geologists'  Congress. 

Science,  vol.  10,  pp.  1 19-120.    1887. 

Discusses  the  nse  of  the  term  "Archean"  by 
the  International  Geologic  Congress  in  de- 
fense of  the  anonymous  criticisms  in  Science, 
vol.  10,  p.  88.  Explains  the  reason  fQ,r  includ- 
ing all  pre-Cambrian  formations  in  the 
Archean. 

*—  A  short  history  of  the  origin  and 
acts  of  the  International  Congress  of 


FRAZER,  Persifor,  jr.— Con  tinned. 
Geologists,  and  of  the  American  Com- 
mittee delegates  to  it. 

Am.  Qeologist,  vol.  1,  pp.  3-11, 86-100.  1883. 
Entirely  historic. 

Report  of  the  subcommittee  on  the 

Archean. 

International  Congress  of  Geologists,  Am. 
Committee  Reports,  1888,  A,  pp.  7i. 

Am.  Geologist,  vol.  2,  pp.  144-192,  without 
appendix  3.    1888. 

Discussion  of  inclusion  of  pre-Cambrian  in 
Paleosoic;  soggestion^  of  committee  on  no- 
menclature; division,  horizons  of  uucou- 
formity,  nomenclature,  classification  of  eriip- 
tives,  origin  of  some  members,  evidences  of 
life  smd  distinctive  characteristics  of  Ar- 
chean; classification  of  emptives;  existenceof 
post-Archean  crystalline  rocks,  and  origin  of 
serpentines.  Summary  of  "The  Azoic  sys- 
tem and  its  proposed  subdivisions  by  Whit- 
ney and  Wadsworth."  Digest  of  report  on 
Archean  of  English  committee  at  Berlin  con- 
gress. Includes  extracts  of  letters  from  H. 
Bell,  W.  P.  Blake,  J.  D.  Dana,  G.  M.  Dawson, 
J.W.Dawson,  C.  E.  Dutton,  B.  K.  Emerson, 
S.  F.  Emmons,  G.  K.  Gilbert,  A.  Hague.  A. 
Heilprin,  C.  H.  Hitchcock,  T.  S.  Hunt,  R.  D. 
Irving,  J.  LeConte,  T.  MacFarlane,  J.  W.  Pow- 
ell,  R.  Pumpelly.  A.  R.  C.  Selwyn,  M.  E.  Warls- 
worth,  C.  D.  Walcott,  G.  H.  Williams,  A. 
Wiuchell,  and  N.  H.  Winchell. 

An  unjust  attack.  (Reply  to  arti- 
cles concerning  the  American  Commit- 
tee of  the  International  Congress  of 
Geologists  by  Prof.  J.  D.  Dana  and  Maj. 
J.  W.  Powell  in  the  American  Journal 
of  Science  for  December,  1888. ) 

Am.  Geologist,  voL  3,  pp.  65-73.    1889. 

An  account  of  the  history  of  the  prepara- 
tion and  publication  of  the  various  reports 
and  some  of  the  proceedings  of  the  committee. 

FREEMAN,  H.  C.  Earthquake  phe- 
nomena. 

Eng.  and  Mining  Jour.,  voL  44,  pp.  110-111. 
1887. 

Suggests  an  explanation  for  the  subsidence 
of  500  acres  in  Trigg  County,  Kentucky. 

FRIEDRICH,  James  J.  [Silicified 
wood  from  California.] 

New  York  Acad  Sci.,  Trans.,  voL  8,  pp.  29- 
80.    1889. 

Includes  reference  to  the  relations  and  age 
of  the  associated  deposits  in  Lake  and  Napa 
counties. 

FUIiTON,  John.  Mode  of  deposition  of 
the  iron  ores  of  the  Menominee  Kange, 
Michigan. 
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FULTON,  John— Continued. 

Axn.  Inst.  Mining  Engineers,  Trans.,  toL 
16.  pp.  525-536.     1887. 

Description  of  geologic  relations  of  ores  and 
enclosing  formations. 

Geological  map  of  Cambria  Connty. 

Pennsylvania,  G-eol.  Snrvey,  Atlas  to 
Reports  HH  and  HHH.  1877,  plate  1, 
(colored.)    1888. 

Shown  areal  dlatribation  of  formations  from 
Pittsburgh  scries  to  Catakill  formation,  and 
axes  of  the  flexures. 

Geological  map  of  Somerset  County. 

Pennsylvania,  Grcol.  Sarvey,  Atlas  to  Re- 
ports HH  and  HHH,  1877,  plate  2,  (colored.) 
1888. 

Shows  areal  distribution  of  formations  from 
Monongahela  series  to  Chemung  shales,  and 
the  axes  of  the  flexures. 

Columnar  section  of  the  lower  pro- 
ductive bitaminoiis  coal  measnres, 
(Alleghany  River  scries,)  Cambria 
Connty,  Pennsylvania. 

Pennsylvania,  Geol.  Sarvey,  Atlas  to  Re- 
ports HH  and  HHH,  1877.  plato  3.    1888. 

— —  Geological  colunmar  sections  in 
Cambria  County. 


PULTON,  John— Continued. 

Pennsylvania,  G-eol.  Snrvey,  Atlas  to  Re- 
ports HH  and  HHH,  1877,  plate  4.     1888. 

Eight  bore-hole  and  surface  sections  from 
various  authorities. 

[Cross  section  through  the  crest  of 

the  Alleghany  Mountain  from  Benning- 
ton shaft,  westward.] 

Pennsylvania,  O-eol.  Snrvey,  Atlas  to  Re- 
ports HH  and  HHH,  1887,  plate  5.    1888. 
Showing  relations  of  the  coal  beds. 

Notes  on  Cambria  County. 

Pennsylvania,  O-eol.  Snrvey,  Atlas  to  Re- 
ports HH  and  HHH,  pp.  361-360,  pi.    1880. 

Records  of  gas  wells  at  Johnstown  and 
Sang  Hollow  and  Bennington  section  in  part, 
revised  and  corrected. 

FURMAN,  John  H.    The  tin  deposits  of 
North  Carolina. 

New  York  Acad.  So!.,  Trans.,  vol  8.  pp. 
136-145.  2  pUtes.     1880. 

Mainly  a  description  of  the  geologic  rela- 
tions in  the  Kin>;'s  Mountain  region.  Illus* 
trated  by  plates  of  sections  and  a  geologic 
map. 


G. 


GARLAND,  J.    Copper  mining  at  the 
Cove,  Newfonndland. 

Cornwall,  Royal  Geol.  Soc,  Trans.,  vol.  11, 
pp.  M~\Q6.    1888. 
Not  seen. 


!•,  S.  The  Arctic  current  and 
floating  ice  as  factors  in  Canadian 
geology. 

liiverpool  Gaol.  Assoc,  Jonm.,  vol.  8,  pp. 
75-82.    1880. 

On  icebergs  as  boaren  of  earth  and  stones 
and  the  origin  of  Canadian  drift  deposits. 

Oeolog;io  Pliiloaophy. 

Petrography. 

Baylby.     Spotted  rocks  from  Pig- 
eon P»int,  Minnesota. 

Iddi.vgs.    Obsidian  cliff,  Yellowstone 

Park. 
•Chatard.     Gneiss-danyte    contacts 
of  North  Carolina. 

Iddings.    Origin  of  primary  quartz 
in  basalt. 

DiLLKR.      History     of     porphyritic 
quartz  in  eruptives. 


Oeologlo  Philosophy— Continued. 
Petrography — Con  tinned. 

Kemp.  Dikes  of  Hudson  River  high- 
lands. 

Lawson.  Dikes  of  Rainy  Lake  region. 

Baylby.  Qnartz-keratophyre  from 
Pigeon  Point. 

Hbrrick,  Clark,  and  Deming. 
Gabbros  and  norytes. 

Wadswortii.  Peiidotites,  gabbros, 
and  andesytes  of  Minnesota. 

Mbrrill,  G.  p.  Peridotites  from 
Little  Deer  Island,  Maine. 

Becker.  Quicksilver  deposits  of 
Pacific  slope. 

Merrill,  G.  P.  Ophiolytes  of  War- 
ren Connty,  New  York. 

Sears.  Spencer,  J.  W.  Origin  of 
bowlders  by  decomposition. 

Blake.  Emmons,  S.  F.  Russell,  L 
C.  Sears.  Stockbridge.  Rock 
decomposition. 

Russell,  L.  C.  Subaerial  decay  of 
rocks  and  origin  of  red  color  of  cer- 
tain rocks. 
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Geologic  Philosophy — Continued. 
Eetrography^ContiiiueA. 

Iddinos.  LithophysiB  and  lami- 
nation of  acid  lavas. 

Emmons,  S.  F.  Gkatagap.  Hunt. 
Williams, 'G.  H.  Origin  of  ser- 
pentines. 

Williams,  Q.  H.  Holocrystalline 
grauitio  structure  in  Tertiary  erup- 
tives. 

Becker.    Texture  of  massive  rocks. 

Iddinos.  Crystallization  of  igneons 
rooks. 

WiNCHKLL,  A.  H.  Diabasic  schists 
with  Jaspilyte,  Minnesota. 

Cross.  Paramorphic  origin  of  cer- 
tain minerals. 

HoBBS.  Paragenesis  of  allanite  and 
epidote  in  rocks. 

Bkcker.  Hunt.  Lawson.  Wil- 
liams, G.  H.    Rock  structure. 

Williams,  G.  H.  Archean  geology 
of  Maryland. 

Hbrrick.    Metamorphism  in  rocks. 

Williams,  G.  H.  Metamorphism  of 
ernptives  on  south  shore  of  Lake 
Superior. 

WiNCHBLL,  A.  Conglomerates  in 
gneiss. 

Dana,  J.  D.  Variations  in  intensity 
of  metamorphism. 

Irvinq.  Report  of  Lake  Superior 
Division,  U.  S.  Geological  Survey. 

Wincubll,  a.  Northeastern  Minne- 
sota. 

Frazbr,  et  al.  Report  on  Archean; 
origin  of  crystallines  and  serpen- 
tines. 

American  Geologist.  Danzig  on 
nature  of  gneiss  aud  grauulites  of 
Saxony. 

Merrill,  G.  P.  Montville  serpen- 
tine. 

Britton.  Geology  of  Staten  Island. 
Serpentine. 

Emmons,  S.  F.  Aspen,  Colorado. 
Dolouiization  of  limestones. 

Hunt.    Origin  of  crystalline  rocks. 

Science.  Hunt's  mineral  physiology, 
etc. 

Lawson.  Metamorphism  in  Lake 
Superior  region. 

Callaway.  Hunt.  Lawson.  Par- 
allel structure  in  rocks. 

Lawson,  Wincubll,  A.     Foliation 
Aod  Mdimeatation. 


\ 


Qeologic  Philosophy — Continued. 
Petrography — Conti  nued. 
Hunt.    Genetic  history  of  crystal- 
line rocks. 
Earth  cruBt  movements  and  faults, 
Davis,  W.  M.    Structure  of  Trias  of 

Connecticut  valley. 
Eldridoe.    Faults  in  Denver  region, 

Colorado. 
Shalbr.     Crenitic   hypothesis   and 

mountain  building. 
Dutton.    Problems  of  physical  geol^ 

ogy.  • 
White,  C.  A.     Mountain  npthrnst«. 
Lb  Conte.    Origiu  of  normal  faulta. 
Margarie.     Appalachian  flexures  in 

Pennsylvania. 
Hitchcock.     Genesis  of  Hawaiian 

Islands. 
Dana,  J.  D.    Origin  of  Oceanic  de- 
pressions. 
Newberry.    Earthquakes. 
Becker.    Mechanism  of  faulting. 
Emmons,    S.    F.     Origin  of   fissure 

veins  [and  fanlts]. 
Henrich.    Is  a  faulted  fissure  always 

the  oldest  f 
Russell,  I.  C.    Great  Basin  struc- 
ture. 
WiNCHBLL,  A.    Effect  of  pressure  of 

a  continental  glacier. 
Gilpin.     Anticlinals,    Nova    Scotia, 

gold  region. 
Dana,  J.  D.    Davis,  W.  M.     Origin 

of  mountain  ranges. 
Stevenson.    Faul  t  s  of  sou  th w  estem 

Virginia. 
Dutton.    ZuSii  plateau  fault. 
D wight.    Warring.    Evolution   of 

continents. 
Wasmuth.    Fanlts  and  flex  ares  in 

Pennsylvania  anthracites. 
Genesis  of  topography. 
McGeb.   Classification  of  geographio 

forms  by  genesis. 
Davis,  W.  M.    Geographio  methods 

in  geologic  investigations. 
Davis,  W.  M.    Methods  and  models 

in  geographic  teaching. 
Crandall.    Pound  Gap  region,  Ken-* 

tucky. 
Eldridgb.   Denver  region,  Colorado. 
Webster.     Central  basin  of  Iowa. 
Davis,  W.  M.     Rivers  and  valleys  of 

PciiisHylvauia. 
\LcQi^i&.    H&aA  of  Chesapeake  Bay. 
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Qeologio  PliiloBophy — Contiuned. 
Genesis  of  topography — Coutinued. 
Daa^s,  W.  M,     Topographic  develop- 
ment of  Trias  of  Conuecticat  valley. 
McGeb.    Macon  County^  Missonri. 

Winch KLL,  N.  H.  Goology  of  Min- 
nesota. 

CiiALMEits.  Northern  liew  Bruns- 
wick and  southern  Quebec. 

Broker.    Shape  of  volcanic  cones. 

Davis,  W.  M.    Classification  of  lakes. 

Davis,  W.  M.    A  river  pirate. 

Lewis,  H.  C.  Origin  of  estra-mo- 
rainal  lakes  and  clays. 

Willis.  Time  and  extent  of  Appal- 
achian uplift. 

WiLus.  Linnet.  Relation  of  struc- 
ture to  drainage  and  topography. 

Willis.    Round  about  Aabevi  He. 

KiNAHAN.  Origin  of  some  old  shore- 
lines. 

Shaler.    Seacoast  swamps. 
Hydraulic  degradation, 

HiNMAN.  Meyer.  Science.  Laws 
of  corrasiou. 

Powell.    Laws  of  hydraulic  degra- 
dation. 
Volcanism, 

Dana,  J.  D.    Hawaiian  Islands. 

WiNCHELL,  N.  11.  Thoughts  o  n 
eruptives. 

Dana,  J.  D.    Volcunization. 

Emmons,  S.  F.  Leadville  region; 
mechanism  of  iutrusioo. 

Hills.  Eruptions  in  Spanish  Peaks 
region,  Colorado. 

Becker.    Shape  of  volcanic  cones. 

HovEY.  Traps  of  East  Haven- 
Brantford  region,  Connecticut. 

DuTTON.    Mount  Taylor  region. 

Dana,  E.  S.    Origin  of  volcanic  stal- 
acties. 
Gladatum, 

Spencer,  J.  W.  Glacier  erosion  in 
Norway. 

Rogers.  Philosophy  of  glacier  mo- 
tion. 

Spencer,  J.  W.  Theory  of  glacier 
motion. . 

Bouv£.    Potholes,  Cohasset. 

Chamberlin,  T.  C.  Rock  scorings 
of  the  great  ice  invasion. 

Davis,  W.  M.    Glacial  origin  of  cliffs. 

Branner.  Glaciation  in  Lacka- 
wanna-Wyoming region,  Pennsyll- 
rania. 


Geologic  Philosophy — Continued. 
Gladatien — Continued. 

American  Geologist.     A  new  gla- 
cial theory. 

Davis,  W.  M.    Wright.    Ice  ago  in 
North  America. 

Hay,  R.    Manner  of  deposit  of  gla- 
cial drift. 

Upham.    Structure  of  drumlius. 

Bell.    Ice  phenomena. 

Lewis.     Origin  of  extra- moraiual 
lakes  and  clays. 

Shaler.    History  of  some  Nantucket 
glacial  features. 

Kinahan.    Origin  of  some  old  shore- 
lines. 
Genesis  of  mineral  deposits, 

Attwood.    Lithology  of  wall  rocks, 
California. 

Becker.    Quicksilver  deposits  of  Pa- 
cific slope. 

Blake.    Rainbow  lode,  Montana. 

Collins.    Sudbury  copper  deposits, 
Canada. 

Bi^ke.    Copper  basin,  Arizona. 

Emmons,  S.  F.    Structural  relations 
of  ore  deposits. 
'    EMMpNs,  S.  F.      Leadville  region, 
Colorado. 

Ihlseng.   San  Juan  region,  Colorado. 

Dawson,   G.   M.      Treadwell  mine, 
Alaska. 

Lakes.      Geology  of    Colorado  ore 
deposit. 

Endlicu.     Origin  of  gold  deposits 
near  Ouray. 

Raymond.    Review  of  Emmons's 
Leadville  report. 

Hills.    Ores  in  Rooky  Mountain  re- 
gion. 

Brunton.     Aspen  Mountain,   Colo- 
rado. 

Leggett.     Rosario  mine,  Juancito, 
Central  America. 

Clayton.     Drumlummon   veins, 
Idaho. 

Van  Hise.    Iron  ores  of  Penokee- 
Gogebic  region. 

Lawson.    Origin  of  ores  of  Keewa- 
tin,  Minnesota. 

Brow^ne.    Luddington  mine,  Michi- 
gan. 

Comstock.    West  central  Arkansas. 

Emmons,  S.  F.     Origin  and  altera- 
tion of  Colorado  ot^ti^ 
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Geologic  Philosophy— Con  tinned. 
GeneHs  of  mineral  deposits — Contioned. 

P3MMONS,  8.  F.    Butte,  Montana. 

Britton,  Batmond.  Archoan  iron 
ores  in  New  Jersey  and  New  York, 

Nkwberry.  Colorado  oil  fields  [oil 
and  gas]. 

J  E  N  N  s  T .  Graphitic  anthracite, 
Idaho. 

A8HBURNBR.  Petroleum  and  gas  in 
New  York. 

Bell.    Petrolenm  field  of  Ontario. 

Am.  Geologist.  Origin  of  petro- 
lenm. 

Orton.    Beportfl  on  Ohio  [oil  and 

Shaler.  Petroleum  and  organic 
matter  in  rocks. 

Brown.    Pyrite  in  bituminous  coal. 

Newberry.    Origin  of  graphite. 

Fulton.  Iron  ores,  Menominee 
range. 

Am.  Geologist.  Origin  of  chert  in 
Iowa  coal  measures. 

Penrose.  Shaler.  ,  Origin  of  de- 
posits of  phosphate  of  lime. 

Newberry.  Bishop.  Ochsenius. 
Origin  of  salt  deposits. 

Weed.  Siliceous  sinter  in  thermal 
springs.      . 

Orton.    Gypsum  in  Ohio. 

Tyrrell.    Gypsum  m  Manitoba. 

Am.  Geologist.  Nathurst.  Ward- 
roper.    Formation  of  coal  seams. 

Becker.  Pacific  slope.  [Origin  of 
nodules  in  sandstone.] 

Crosby.   Quartzite  and  siliceous  con- 
cretions. 
Coral  formations  f  Agassiz.  Am.  Geolo- 
gist. Darwin.  Dana,  J.  D.  Heil- 
pRiN.    Hicks.    Morris. 
Miscellaneous, 

Claypolk.  Condition  of  interior  of 
earth. 

Irving.  Classification  of  early  Cam- 
brian and  pre-Cambrian. 

Campbell.  Newberry.  Webster. 
Origin  of  loess. 

Shaler.  Origin  of  division  between 
layers  of  stratified  rocks. 

[Character  of  primitive  earth  crust], 
Becker. 

Beads.  Physical  theories  of  the 
earth  in  relation  to  mountain  for- 
mation. 


Geologic  Philosophy — Continued. 
Miscellaneous — Continued. 

Spencer,    J.  W.     Hummocks    and 
bowlders  of  decomposition  in  Mis 
souri. 

Heilprin.  Bate  of  deposition  of  ge- 
ologic formations. 

Bain.    Permian  climate. 

FoKRSTE. ,  Fence- waU  geology. 

Williams,  H.  S.  Fossils  in  deter- 
ing  geologic  age. 

Qeological  and    Scientific    Bulletin, 
1888. 
Geology  of  Bio  Grande  valley,  Owen. 
Coal  in  Texas,  Streeruwii-z. 
Mining  districts  in  £1  Paso  County, 

Texas,  Cummins. 
Carboniferous  formations  in  Texas, 

CUMMIN& 

Nacogdoches  oil  field,  Dumble. 
Geology  of  western  Texas. 

1889. 

Geological  survey  of  Texas,  Anon. 

Drift  at  Gainesville,  Texas,  Bags- 
dale. 

Geology  of  Haldeman  County,  J. 
T.W. 

Geology  of  Gaines  County,  B.  G. 

Gas  well  at  San  Antonio,  Tait. 

Geology  of  Burnet  County,  Walker, 

Building  stones  of  eastern  Texas, 
Penrose. 

Qeological  Magazine,  voL  4. 

Borings  in  Mauitob«%,  etc.,  Dawson, 
G.M. 

Cambrian  of  North  America,  Hicks. 

Cortlandt  rocks,  Harker. 

Elements  of  primary  geology,  Hunt. 

Gabbros,  etc.,  of  Baltimore  region, 
Williams,  G.  H. 

Gustaldi  on  Italian  geology.  Hunt. 

Glaciation  of  North  America,  Great 
Britain  and  Ireland,  Lewis. 

Parallel  structure  in  rocks,  Calla- 
way. 
voL  5. 

Eozoon  Canadensis,  Dawson,  J.  W. 

Glaciation  of  British  Columbia,  Daw- 
son, G.  M. 

On  Hindeastraoa,  White,  C.  A. 
voL  6. 


Graptolitesfrom  Dease  Biver,  British 

Columbia,  Lapworth. 
Bichmond  coal  field,  Virginia,  Kew- 
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Gkeological  Magazine,  voL  6~CoiitM. 
Tnrrilepns    in     Utica    at    Ottawa, 

Woodward. 
Subaerial  deposits  of  arid  region  of 
North  A.nieri  ca,  Russkll. 
Glaciation  of  eastern  Canada,  Chal- 

Glaciation  of  high  'points,  British 
Columbia,  Dawson,  G.  M. 

Geological  Society,  Quarterly  Jour- 
nal, voL  44. 

Hnronian  series  near  Sndbnry,  Can- 
ada, BONNEY. 

Eozoic  and  Paleozoic  of  the  Atlantic 
coast  of  Canada  [eto.],  Dawson, 
J.W. 

Eqniyalency  of  Hurouian  with  Pebi- 
dian,  Hicks. 

On  the  Sndbury  copper  deposits, 
Collins. 

Hnronian  rooks    at  Sudbury,  Att- 

WOOD. 


vol.  45. 


Supplement  on    rooks    of    Atlantic 
coast  of  Canada,  Dawson,  J.  W. 

Georgia,  alnminum  ore,  Nichols. 
Clinton  fossils,  Foerstb. 

coal,  ASHBURNER. 

formation  of  coal  beds,  Wardrofer. 
Geological  Survey,  Spencer,  J.  W. 
Tertiary,  Heilprin. 

GILBERT,  G.  K.  On  a  pre-historio 
hearth  under  the  Quaternary  deposits  of 
western  New  York. 

Soi.  Am.  Snpt. ,  vol.  23,  pp.  9221-9222,  No. 
677.    1887. 

Aha  tract  of  paper  reftd  to  Washington  Phllo- 
Bophical  Society.  Discnssion  of  tho  history 
and  dnUnane  of  the  glacial  Lake  Ontario-Erie, 
and  of  the  age  of  the  drift  deposits  covering 
the  hearth. 

The  work  of  the  International  Con- 
gress of  Geologists. 

Am.  Jour.  Sci.,  3d  series,  vol.  84,  pp.  430- 
461.    1887. 

Nature,  voL  37,  pp.  19-22, 40-43.    1887. 

Am.  Assoc.  Adv.  Sci.,  Proo.,  voL  88,  pp. 
183-206.     1888. 

Abstract,  Canadian  Record  of  Science, 
voL%  pp.  610-514.    1887. 

Beviewed  by  P.  Frasv,  Am.  Naturalist, 
voL  21,  pp.  841-847.    1887. 

Disoasses  geologic,  chronologic,  and  class!- 
flcatory  terminology,  the  equivalency,  syn- 
chronism,  and  extent  of  "stratigraphic  sys- 
tems," and  the  defect  in  universal  synchronic 


GILBERT,  G.  K.— Continued. 

'  uniformity  in  conditions  of  deposition,  life, 
and  geolojric  phenomena  over  wide  areas,  in 
opposition  to  the  *'  World  wide*'  classification 
of  geologic  subdivisions.  Reviews  tho  color 
scheme  adopted  by  the  Congress,  and  after 
discussing  iho  essentials  and  means  of  ro.ip 
coloring,  suggests  the  adoption  of  the  prin- 
matio  system. 

[Stages  of  geologic  history  of  Sierra 

Nevada.  ] 

Washington  FhiL  Soc,  Bull.,  vol.  9,  p.  7, 
I  p.    1887. 

RemarkM  followinj;  paper  by  J.  S.  Dillor 
on  the  geology  of  northern  California. 

Old  shore  lines  in  the  Ontario  basin. 

Canadian  Inst.,  Froc,  3d  series,  vol.  6,  pp- 
Z-4.    1888. 

bketcli  of  literature.  Dencribcs  search  for 
terraces  from  Aurora  to  Torouto. , 

Changes  of  level  of  tho  Great  Lakes. 

The  Forum,  vol.  5,  pp.  417-428.    1888. 
Includes  a  sketch  of  the  history  of  the 
Great  Lakes. 

[Views  in  regard  to  the  work  of  the 


International  Congress.] 

International  Congress  of  Geologists,  Am. 
Committee  Beport,  1888,  pp.  73-74,  ^  p. 

Discussion  of  its  scope,  proposed  nomencla- 
ture, and  color  scheme. 

Beaches     of     Lake     Ontario,     see 

CHAMBERLIN.    Report  on  glacial 
geology. 

GILIi,  A.  C.  Pctrographical  notes  on  a 
rock  collection  from  Fernando  Noronhit. 

Johns  Hopkins  Univ.  Circulars,  vol.  7,  pp. 
71-72,  No.  65.     1888. 

Ph49taolites,  nephellne-liasantites,  nephe. 
line-basalt,  nepholinite,  and  basalt  glass. 

QIIiPIN,  Kdwin  J.  Notes  on  the  lime- 
stones of  East  River,  Pictou,  Nova 
Scotia. 

Canada  Boyal  Soc,  Trans.,  vol.  4,  Section 
IV,pp.i5»-166,  plat«ill.    4°.     1887. 

Describes  the  distribution  and  relations  of 
Carboniferous  limestones.    Analyses. 

The  Carboniferous  of  Cape  Breton, 

Part  II. 

Nova  Scotian  Inst.,  Froc,  vol.  7,  pp.  24-35. 
1888. 

Stratlgraphic  and  structural  relations,  and 
extent  of  eoal  basins.  Reference  to  associated 
Devonian  and  pre-Carobrian  rooks. 

The  Carboniferous  of  Cape  Breton 

with  introductory  remarks^  Psxt  HV. 


80 


RECORD  OP  GEOLOGY  FOR  1887  TO  1889. 


(BULL.  75 


QILPIN,  Edwin  J. — Continned. 

NoTa  Scotianlnst. ,  Proc. ,  vol.  7,  pp.  UIO-l  17. 
1888. 

Sketch  of  oonditioDs  supposed  to  have 
existed  in  the  ref^on  durinfc  Carboniferons 
times.  Description  of  general  structural 
relations.  Analyses  of  the  coals  and  refer- 
ences to  their  thicknesses  and  relations  at 
some  points. 

The  faaltfl  and  foldings  of  the  Piotou 

coal  field. 

Canada,  Boy.  Soc,  Trans.,  voL  5,  Section 
IV,pp.2S-S0,4o.    18t8. 

Discussion  of  relations  of  the  faults  to  the 
folds  and  the  history  of  the  development  of 
the  structure  of  the  rejrion ;  the  former  extent 
of  the  coal  series;  the  sfe  and  relations  of  the 
folds  and  fknlts  in  the  underlying  Silurian 
and  Cambro-Silurian,  and  the  date  of  the 
granitic  intrusions. 

Notes  on  the  Nova  Scotia  gold  veins. 

Canada,  Royal  Soo.,  Trans.,  toLC, Section 
lY,  pp.  63-70,  pi.  3.    iP.    1889. 

Prefaced  by  a  brief  account  of  the  aurifer- 
ous series  and  discussion  of  the  mechanism 
of  an  ideal  anticlinal. 

The  geology  of  Cape  Breton.    The 

minerals  of  the  Carboniferous. 

Nova  ScDtian  Inst.,  Proc.,  voL  7,  pp.  214- 
226.    1880. 

Includes  brief  accounts  of  oocurrence  of 
'  gypBOiOi  iron-ores,  limestone,  and  building 
stones. 

QrlBLBgovT  aeolog;ical  Society,  Tranaao- 
tiona,  voL  8. 
Geology  of  Idaho,  Thomson. 

GOODAIiB,  Charles  W.  The  occur- 
rence and  treatment  of  the  argentifer- 
ous manganese  ores  of  Tombstone  dis- 
trict, Arizona.  • 

Am.  Inst  Mining  Engineers,  Trans. i  vol. 
17,  pp.  767-774.     188». 

Includes  a  brief  reference  to  the  geologic 
relations  of  the  district. 

[GOODFELLOW,  George  £.]  The 
Sonora  earthquake 

Science,  yoL  11,  pp.  162-166.    1888. 
Description  of  great  fault  and  other  dis- 
turbances due  to  the  earthquake. 

QOODTEAR,  W.  A.  Petroleum,  as- 
phaltum,  and  natural  gas. 

California,  Seventh  Report  of  State  Ifflner- 
alogist,  pp.63-114.    1888. 

Description  of  bituminous  rocks  and  some 
of  their  relations  in  Contra  Costa,  Fresno, 
Kern,  Los  Angeles,  Monterey,  Santa  Barbara, 
SSan  Bernardino,  Santa  Clara,  Santa  Crus,  San 
Luis  Obispo,  San  Mateo,  and  Ventura  conn- 
tiea 


OOODYIESAR,  W.  A.~  Continued. 
Coal. 

California,  SoTenth  Report  of  State  ICiner- 
alogist.  pp.  117-17a    1888. 

Keprint  of  "The  coal  minbs  of  the  vestom 
coast  of  the  United  Stotes, "  with  additions  and 
oorrections  up  to  1887. 

Inyo  County. 

California,  Eighth  Report  of  State  Miner- 
alogist,  pp.  221-309.     1888. 

Description  of  relations  and  stmctiire  ot 
metsmorphio,  granitic,  and  voloanio  forma- 
tions in  parts  of  the  county,  and  diacussion  of 
the  nature  and  relations  of  the  granites.  lu- 
eludes  a  paper  by  J.  D.  Whitney  (pp.  28^ 
309),  on  "The  Owens  Valley  Earthquake," 
reprinted  from  the  "Ovei land  Monthly,"  1872. 

Kern  County, 

California,  Eighth  Report  of  State  Miner- 
alogist, pp.  309-324.    1888. 

Boferonoes  to  granitic,  metainorphtc,  Ter- 
tiary, and  volcanic  rocks  and  structure  at 
yarions  localities. 

—. —  Lo8  Angeles  County. 

California.  Eighth  Report  of  State  Miner- 
alogist, pp.  333-342.    1888. 

References  to  geologic  relations  at  vsrious 
localities  and  along  several  routes.  Tertiary, 
Cretaceous,  superficial  deposits,  and  granitic 
and  metauiorphosed  rocks. 

San  Bernardino  County 

California,  Eighth  Report  of  State  Miner- 
alogist, pp.  504-512.     1898. 

Refrrences  to  granites,  limestones,  rocta. 
morphios,  sandstones,  volcanics,  and  struct- 
ural relations  at  various  localitieST 

San  Diego  County. 

California,  Eighth  Report  of  State  Miner- 
alogist,  pp.  516-528.     ISfti. 

Reforeoces  to  granitic  and  metamorphic 
rocks.  Tertiary  sandstones,  dips,  terraces,  and 
superficial  deposits. 

Tulare  County. 

California,  Eighth  Report  of  State  Miner- 
alogist,  pp.  643-652.    1888. 

Includes  some  brief  references  to  granites 
and  metamorphosed  rocks,  dips  at  various 
pointa,  the  metamorphic  nature  of  the  gran- 
ites,  and  reprint  of  a  paper,  "Notes  on  the 
high  Sierra  south  of  Mount  Wliitney,"  from 
CaL  Acad.  Sci.,  Proc.,  Nov.,  1873. 

GORLB7,  S.  S.     Geology  of  Tippecanoe 
County.         ** 

Indiana,  Department  of  Geok  and  Nat, 
Hist.,  Fifteenth  Report,  1886,  pp.  61-96.  1806. 

Describes  formations  from  Niagara  to  lower 
coal  measures,  conglomerate,  and' di  id.    Dis- 
cusses origin  of  some  topographic  and  drain 
age  features. 

Geology  of  Washington  Cotinty. 
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QORLE7,  S.  S.—Continnod. 

Indiana,  Deparlment  of  Greol.  and.  Ifat 
Hist,  Fifteenth  Report,  1886,  pp.  117-153, 
plato.    1886. 

Describes  the  distribution,  topography, 
Btmctare,  fossils,  and  stratij^raphy  of  the 
Chester,  St.  Louis,  Keokuk,  Barlington,  and 
Knobstooe  (groups,  and  the  anperfloial  uli^ys 
aud  sand.  Diacuaaea  the  equivalency  ot  some 
of  the  formations. 

Geology  of  Rentoa  County. 

Indiana,  Department  of   Gaol,  and  Nat. 

Hiat.,  Fifteenth  Beport,  1886,  pp.  108-220. 
1880. 

Descrlbea  the  Keokuk  and  St.  Louis  lime* 
stone.^,  the  congloaierate  aandstones,  and  the 
drift  deposits.  Discussos  the  character  of 
certain  drift  ridgos  and  (sives  a  number  of 
bored-well  records  in  various  parts  of  the 
couDty. 

The  Wabasb  arcb. 

Indiana,  Department  of  Geol.  and  Nat. 
Hist.,  Fifteenth  Report,  1886,  pp.  228-241. 
1886. 

Describes  a  low  anticlinal,  extending  along 
the  course  of  the  Wabash  River  from  the 
Ohio  line  through  Indiana,  and  into  Illinois. 
Gives  an  account  of  the  associated  structural 
features,  faults,  flexures,  juin  ting,  andcone-in> 
cone  structure.  Discusses  the  age  of  the  up* 
lift,  which  is  thought  to  have  taken  place  in 
the  Utter  part  of  the  upper  Silurian. 

and  LEB,  S.  K.    Geology  of  Boone 

County. 

Indiana,  Department  of  Geol.  and  Nat. 
Hist.,  Fifteenth  Report,  1886,  pp.  160-176. 
1886. 

Describe  its  drift  deposits,  which,  in  one 
region,  are  thought  to  be  moralnal  in  charac* 
ter.  Give  a  number  of  well  records  and 
state  their  opinions  in  regard  to  the  underly* 
Ing  rocks  of  the  county. 

GORDON,   C.   H.      [Well  at  Keokuk, 

Iowa.] 

Am.  Geologist,  vol.  2,  p.  862,  i  p.    1888. 

Reference  to  horizon  of  supposed  Niagara 
sandstone  and  to  the  occurrence  of  a  similar 
sandstone  in  welU  at  Alben  Lea,  Minnesota, 
and  Washington,  Iowa. 

[Notice  of  doop  boring  at  Keokuk.] 

Am.  Geologist,  vol.4,  p.  127,  |  p.    1889. 
Reference  to  beds  passed  throu^^h  at  depths 
from  1,050  to  1,770  feet. 

Notes  on  the  geology  of  southeaeteru 

Iowa. 

Am.  Geologist,  voL  4,  pp.  237-239.    1889. 
Gives  records  of  some  deep  borings  and 

aimenta  pn  the  more  noteworthy  strati* 
phic  evidence  they  present. 

GRANT,  Uly.  S.  Report  of  geological 
observations  made  in  northeastern 
Minnesota  during  the  summer  of  ld8d. 
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GRANT,  Uly.  S.— Continued. 

Minnesota,  Geol.  and  Nat.  Hist.  Survey, 
Seventeenth  Report,  pp.  14!X-215.    1889. 

Itinerary  notes,  mainly  ou  the  region  from 
Vermilion  Lake  east  to  Guu flint  Lake,  and 
relatin;;  mostly  to  it^l:itions  of  the  gabbro  and 
red  syouiie,  and  magnetite  quartsite  at 
Frazer  aud  Thomas  lakes.    ' 

GRATA  CAP,  Louis  P.  f  Microscopic 
nature  aud  origin  of  Staton  Island  ser- 
pentines.] 

Staten  Island,  Nat.  Sol.  Aasoc.|  Proc.,  May 
14,  1887. 2d  leaf. 

Discusses  the  several  theories  of  serpentine 
formation  and  presents  facts  indicative  of 
the  derivation  from  homblendio  rocks  of  the 
aerpentino  of  Staten  Island. 

Preliminary  list  of  Paleozoic  fossihi 

found  iu  the  drift  of  Staten  Island. 

Staten  Island,  Nat.  Scl.  Aaaoc,  Froc.|  [Jan. 
8, 1887,1  extra,  No.  6,  2  leaves. 
From  Potsdam  to  upper  Helderberg. 

The   eozoonal   look  of  Manhattan 


Island. 

Am.  Jonr.  Sol.,  3d  series,  vol.|83,  pp.  374- 
378.    1887. 

Describes  the  occurrence  and  literature  of 
the  belt  of  serpentines  on  New  York  Island, 
giving  an  account  of  their  mioiopetrography 
aud  discussing  the  origin  of  their  oonstitueuc 
minerals.  Evidenoe  is  presented  which  is 
thought  to  Indicate  the  probable  inorganic 
character  of  the  eoKoonal  structure. 

[Notice  of  occurrence  of  bowlder  Of 

Oriskauy  sandstone  on  Staten  Island.] 

Staten  Island,  Nat.  Sol.  Assoc,  Proc, 
March,  1888. 

Am.  Naturalist,  voL  28,  pp.  549-650,  |  p. 
1889. 

Includes  a  list  of  the  twenty  apeoiea  of 
fossils  which  it  contained. 

GREGG,  A.  Economic  minerals  of  San 
Saba  County. 

Texas,  Geol.  and  Mineralogical  Surrey, 
First  Report,  1888,  pp.  74-76.    1888. 

Includes  geologic  notea,  mainly  in  regard 
to  the  marbles  near  San  Saba. 

GREBN,  W.  Spotswood.  Explorations 
in  the  glacier  region  of  the  Selkirk 
range,  British  Columbia. 

Royal  Q9og.  Soo., Proc,  vol.  11, pp.  153-100. 
1889. 

Includes  some  brief  references  to  nature  of 
rooka,  terraoes,  and  evidence  of  glaoiation. 

GRESLE7,  W.  S.  Formation  of  coal- 
seams. 

Eng.  and  Mining  Jonr.,  vol.  45,  p.  338,  | 
col  4°.    1888. 

Discusses  method  of  accumlation  of  mater* 
ials. 
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[HAGGIN,  J.  B.]    Eeoord  of  strata  in 
artesian  well.    [Kern  County.] 

OaUfomiai  Sixth  Annnal  Report  of  the 
Mineralogist,  part  I,  pp.  56-^7.    1886. 

Throagh  gravela,  sands,  and  clays  to  650 
feet  in  one  well  and  472  feet  in  the  other. 

HAGUE,  Arnold.    Eeport    .    •    .    Yel- 
lowstone Park  division. 

XT.  S.  Oeol.  Survey,  Sixth  Annual  Report, 
1884-85,  pp.  54-69.     1885. 

Incidentallj  refers  to  some  geologic  features 
of  the  park. 

Geological  history  of  the  Yellowstone 

National  Park. 

Am.  Inst.  Mining  Snginean,  Trans. ,  yoL 
16  pp.,  783-803.    1888. 

Abstract,  Popular  Science  Monthly,  voL  36, 
pp.  282-283,  i  p.    1889. 

References  to  geology  of  surrounding 
ranges,  pre-Tertiary  uplifts,  glaciation,  rock 
decomposition,  -  and  antiquity  and  rate  of 
growth  of  hot  epilog  deposits,  and  sketch  of 
Tertiary  volcanic  history  of  the  park. 

— ^  [On  the  Archean  and  its  snbdiyi- 
sioDS.] 

International  Oongress  of  GS-eologists,  Am. 
Committee  Reports,  1888,  A,  pp.  66-67. 

Discusses  the  distinctness  of  the  Archean 
as  a  system,  scpnrateness  of  the  Huronian, 
and  the  subdivision  and  classification  of 
ernptives  in  the  Archean. 

[ ]  [On  the  use  of  the    term  "Ta- 

couic."] 

International  Oongress  of  Geologists,  Am. 
Committee  Reports,  1888,  B,  p.  17, 2  lines. 
Am.  Geologist,  vol.  2,  p.  207.    1888. 
Suggestion  in  regard  to  its  application. 

Notes  on  the  occurrence  of  a  leu  cite 

rock  in  the  Absaroka  range,  Wyoming 
Territory. 

Am.  Jour.  Sci.,3d  series,  vol.  38,  pp. 43-47. 
1889. 

Abstract,  Am.  Naturalist,  vol.  23,  p.  811, 1  p. 
1889. 

Account  of  a  bowlder  of  lonoite  rock,  and 
discussion  of  its  petrography,  composition, 
and  origin.  Includes  a  petrop:rAphic  deicrip* 
tion  by  J.  P.  Iddiugs,  ao  analysis  by  J.  £. 
Whitfield,  and  a  list  of  localities  of  loucite- 
bearing  rocks  in  various  parts  of  the  world. 

HAIiIi,  C.  W.    A  brief  history  of  copper 
mining  in  Miuuenota. 

Minnesota,  Acad.  Sci  ,  Bull.,  vol.  3,  part  1, 
pp.  105-111.    1889. 

Prefaced  by  an  account  of  the  Keweenawan 
formation,  and  brief  diacassion  of  its  extent 
Jja  Hiimesotiw 


HALL,  C.  W.-*Continned. 

The  lithological  characters  of  the 

Trenton  limestone  of  Minneapolis  and 
St.  Paul,  with  a  note  on  the  borings  of 
the  West  Hotel  artesian  well. 

Minnesota,  Acad.  Sci.,  Bull.,  vol.  3,  part  1, 
pp.  111-124,  pi.  1.    1889. 

Detailed  description  of  Trenton  and  the  nn* 
derlying  St  Peters  sandstone  in  the  vicinity  of 
the  city.  Analyses.  Well  record.  Reference 
to  glacial  stri®  and  thiokuess  of  drift. 

The    geological    conditions    which 

control  artesian  well  borings  in  south- 
eastern Minnesota. 

Minnesota,  Acad.  Soi.,  Bull.,  vol.  3,  part  1, 
pp.  128-143.  pi.  2.    1889. 

Includes  an  account  of  the  stratigraphy  of 
the  region,  and  records  of  a  dozen  wells. 

The  distribution  of  the  granites  of 

the  Northwestern  States  and  their  gen- 
eral lithologic  characters.     [Abstract.  ] 

Am.  Assoc.  Adv.  Science,  Proc. ,  vol.  37,  pp. 
189-190.    1889. 

List  of  localities,  summary  of  potrographio 
characteristics,  and  reference  to  age. 


—  Field  notes  on  the  geology  of  the 
Mohawk  valley.  See  [Beecher,  C.E., 
and  Hall,  C.  £.  f  ] 


.,  James.      Report   on    buildin^i: 
stones. 

New  York,  Thirty-ninth  Report  State  Mu- 
seum of  Nat.  Hist. ,  1885,  pp.  1  ifr-227.     1886. 

Description  of  some  of  the  gneisses,  gi-an> 
ites,  and  marbles  of  New  York  and  New  Eng. 
laud  and  the  limestones  and  sandstones  of 
Xew  York.  Discusses  the  qualities,  seleo* 
tion,  and  causes  of  decay  in  building  stones, 

—  Report  of  the  State  Geologist. 

New  York,  Thirty-ninth  Report  State  Mu- 
seum of  Nat.  Hist. ,  18S5,  pp.  220-227.     1886. 

New  York,  Sixth  Report  of  the  Q-eologist, 
1886,  pp.  5-9.     1887. 

Includes  an  account  of  contacts  of  Lauren- 
tlau  gneisses  and  overlying  rooks  near  Little 
Falld,  and  a  statement  in  regard  to  tho  hori- 
eon  of  the  Oneonta  sandstone. 


—  [On  the  nomenclature  of  the  Amori- 
can  lower  Paleozoic.  ] 

International  Oongress  of  Geologists,  A^ 
Committee  Reports,  1888,  B,  p.  10,  {  p. 

Am.  Geologist,  vol.  2,  p.  200.    1888. 

On  the  adoplion  of  exclusively  Europesn 
terms,  and  the  application  of  the  term  '*  Ta- 
oonio." 
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[HANKS,  Henry.]    BuildiDg  stones  and 
building  materials  in  California. 

Oalifomia,  Sixth  Annual  Report  of  the  Min- 
eralogiit,  part  1,  pp.  16-34.     1886. 

DescriptioQ  of  well  known  baildinjt  stone«i 
and  of  California  localitlos.  Gives  partial 
analynes  of  a  danyte  trova  San  Diego  County 
and  a  sandstone  from  Santa  Barbara^ 

[ ]  Mount  St.  Helena. 

Oalifomiai  Sixth  Annnal  Report  of  the  Min- 
eralogist, part  1,  pp.  78-79, 2  plates.    1886. 

Description  of  ontcrop  of  columnar  basalt 
Considers  the  mountain  an  old  volcano,  but 
finds  no  evidence  o^  a  crater. 

[ ]  San  Diego  County. 

Oalifomia,  Sixth  Annnal  Report  of  the  Min- 
eralogist, part  1,  pp.  86-80,  map.    1886. 

Incidental  g'K>logtc  and  mineralogic  notes. 
Describes  fold  in  slates  in  mine  at  Uanuer. 
Accompanied  by  a  colored  geologic  map  of 
the  connty,  provisionAlly  illastrating  the  dis- 
tribution of  Quaternary,  Tertiary,  Permo- 
Carboniferous,  and  Archean. 

[ ]  California  minerals. 

Oalifomia,  Sixth  Annnal  Report  of  the  Min- 
eralogist, part  1,  pp.  91-Ul.    1886. 

Inclades  descriptions  of  some  locidities  of 
lignite,  various  kinds  of  quartz,  Umestones, 
and  serpentines. 

On  the  ocQurrenoe  of  hanksite  in 

California. 

Am.  Jour.  Sci.,  3d  series,  voL  37,  pp.  63-4NL 
1889. 

Beferencee  to  various  localities  and  record 
of  300-foot  bore-hole  into  volcanic  sand,  and 
lacustrine  deposits  underlying  Borax  Lake. 

HARDEN,  Oliver  B.     See  PROSSER, 
A.  Q.f  and. 

HARKER,   Alfred.    The    Cortlandt 
rocks. 

aeol.  Magazine,  8d  decade,  voL  4,  pp.  431- 
432.    i  p.    1887. 

Calls  attention  to  Callaway's  oversight  of 
the  present  views  of  Dana  and  Williams  in 
regsrd  to  the  probable  eruptive  nature  of^ 
some  of  the  Cortlandt  rocks  which  Dana  at 
first  considered  metamorphic. 

HARROD,   B.  M.     Archean    rocks  in 
Texas. 

New  Orleans  Acad.  Sci.,  Papers,  vol.  1, 
Ko.  2.  pp.  131-133.     1888. 

Brief  references  to  outcrops  and  character- 
istics. 

Harvard,  Museum  Comparative  Zool- 
ogy, Bulletiu,  voL  16. 
Dike  of  diabase  in   Boston    basin, 

HOBBS. 

Cambrian  district  of  Bristol  County^ 
Massachusetts,  Sualeb. 


Harvard  Museum  Comparative  Zool- 
ogy, Bulletiii,  voL  16— Continued. 
Fossil  plants  from  Golden,  Colorado, 

Lesquerkux. 
Faults  in  Trias  near  Merideu,  Con- 
necticut, Davis.  ^ 
Triassic  trap  sheets  of   Connecticut 
valley,  Davis  and  Wuittlb, 

VOL  17. 

Coral  reefs  of  Hawaiian  Islands,  Agas- 

8IZ. 

Harvard  Museum  Comparative  Zool- 
ogy, Memoirs,  voL  16,  No.  2. 

Connection  of  eastern  and  western 
coal  fields,  Ohio  valley,  Sualeu. 

Hawaiian  Islands, 
coral  reefs,  Agassiz. 
genesis,  Hitchcock. 
Halema'uua'u  and    its  ddbris  cone, 

Dana,  J.  D. 
Mount  Loa  craters,  Bakeb.    Dana, 

J.D.    Merritt. 
Petrography,  Dana,  E.  S. 

EL^WORTH,  Erasmus.    A  contribution 
to  the  Archean  geology  of  Missouri. 

Am.  Geologist,  vol.  11,  pp.  280-297,  363-382, 
part  1.    1888. 

Abstracts,  Johns  Hopkins  Umv.,  Circulars, 
vol.  7,  pp.  70-71,  No.  65.  40.  1888.  Am.  Nat- 
uralist, vol.  22,  pp.  739, 838.    |  p. 

General  description  of  relations  of  the  mas- 
sive rocks  to  each  other  and  to  the  stratified 
rocks,  and  potru^raphic  description  of  gran- 
ites, porphyries,  and  diabases. 

HAT,  O.  P.    On  tbe  manner  of  deposit 
of  the  glacial  drift. 

Am.  Jour.  Sci.,  3d  series,  vol.  34,  pp.  52-58. 
1887. 

Statement  of  the  views  of  Dana,  the  Gei- 
kies,  Newberry,  and  N.  H.  Winchull.  Dis- 
cusses the  action  of  the  glacier  on  its  bed, 
in  general  and  under  varying  circnmstances, 
and  the  mode  of  accumulation  of  drift-mate- 
lial  at  its  base  and  iu  the  terminal  moraine. 

The  northern  limit  of  the  Mesozoic 


rocks  in  Arkansas. 

Arkansas,  Greol.  Survey,  Report  for  1888, 
vol.  2,  pp.  261-290.     1888. 

DeHcripiions  of  outcrops,  aod  relations  of 
.  the  Cretaceous  in  the  vicinity  of  the  Me^ozoic- 
Paleozoio  l)oundary  line. 

—  A    geological    section    in    Wilson 
County,  Kausas. 

Kansas  Acad.  Sci.,  Trans.,  voL  10,  pp.  0-8, 
plate.    1888. 

Discussion  of  rate  of  dip.  evidence  of  a 
fault,  and  equivalency  of  thi>  Dun  limeatATx^ 
with  the  K\im\M\!l\.\iDii!^>^v<&\x<^« 
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,  O.  P. —Continued. 

—  Report  on  geology. 

Kansas  Acad.  Sci.,  Trans.,  voL  10,  pp.  21-22. 
1888. 

Discasftion  of  tko  eastern  extension  of  the 
Tertiary  in  southern  Kansas,  and  the  eqniya- 
lency  an#  boundary  of  the  red  rocks  and  gyp* 
snm  in  the  re^iou  extending  from  Comanche 
CouDty  to  Medicine  Lodge. 

—  Natural  gas  in  eastern  Kansas. 

Kansas  Acad.  Sci  ,  Trans.,  voL  10, pp.57- 
62,  plate.    1888. 

Abstract  from  Fifth  Report  of  State  Board 
of  Agricnltnre. 

Beferenoe  to  geologic  position  of  gas-yield* 
ing  beda  Gives  sections  at  Fori  Scott,  and 
refors  to  the  stratigraphio  and  structural  re* 
lationA  in  that  yicinity.  Partial  section  fh»ffl 
yort  Scott,  Kansas,  to  Nevada,  Missoozi,  on 
plate. 
Not<e  on  a  remarkable  fossil. 

Kansas  Acad.  Sci.,  Trans.,  toL  10,  pp.  128- 

129,1  P-.plat**    1888. 

Includes  brief  discussion  of  the  derivation 
of  the  enclosing  concretion  in  its  bearing  on 
the  location  of  the  former  eastern  boundary  of 
the  Cretaceons. 

Horizon  of  the  Dacotah  lignite. 

Kansas  Acad.  Sci.,  Trans.,  vol.  11,  pp.  S-8. 

1889. 

Abstract,  Am.  Qeologist,  vol.  5,  pp.  249-250, 
5  lines.    1880. 

Keferences  to  the  relations,  stratigraphy 
and  distribution  of  the  Dacotah  group,  and 
diacusision  of  evidence  bearing  on  the  horizon 
of  the  li^nitio  beds. 

—  Lecture.    The  geology  of  Kansas. 

Kansas  Acad.  Sci.,  Trans.,  voL  11,  pp.  35-37. 
1889. 

References  to  distribution  and  relations  of 
the  Jui-a- Trias,  Cretaceous,  and  Tertiary. 

—  The  Triassic  rocks  of  Kansas.  [Ab- 
stract.] 

Kansas  Acad.  Sci.,  Trans. ,  vol.  11,  pp.  38-30, 
ip.    1889. 

Abstract,  Am.  Geologist,  voL  5,  p.  250,  8 
lines.    1800. 

References  to  their  relations  to  the  Permo- 
Carbonift;rous  and  absence  of  unconformity 
at  their  base. 

—  Recent  discoveries  of  rock  salt  in 
Kansas.    [Abstract.] 

Am.  Assoc.  Adv.  Science,  Froc,  vol.  37,  pp. 
184-185.    1880. 

Statements  in  regard  to  its  stratlgraphic 
position  and  relations,  and  brief  sketch  of  the 
Permian***  Dacotah"  history  of  the  region. 

—  and  THOMPSON,  A.  U.  Histor- 
ical sketch  of  geological  work  in  the 
/State  of  Kansas. 


,  O.  P.  —Continued. 

Kansas  Acad.  Sci.,  Trans.,  voL  10, pp.45- 
62.    188H. 

Statements  of  the  conclusions  of  each  ob- 
server, and  description  of  some  unpublished 
papers  in  which  information  is  given  in  regard 
to  the  eastern  dip  of  the  strata  In  the  eastern 
part  of  the  State,  and  the  now  known  order 
of  Kansas  formations. 


HAYDBN,F.V.    Report 

Montana  division. 

17.  S.  O-eoL  Sorrsf,  Sixth  Report,  J.  W. 
Powell,  1884- '85,  pp.  48-53.    1885. 

Statement  of  results  of  studies  in  the  re- 
gion between  the  Bridger  or  East  Grallatin 
range  and  the  three  forks  of  the  Missouri 
Briefly  describes  the  structure  and  straii- 
graphy  of  the  several  formations— including 
the  newly  discovered  Devonian — the  lake  d»> 
posits  of  the  Gallatin  valley,  and  the  drift 

Report  .  •  •  •  •  Montana  di- 
vision of  geology. 

U.  S.  GreoL  Surrey,  Seventh  Report,  J.  W. 
FoweU,  188S.'86,  pp.  86r87.    1888. 

Beference  to  relations  of  formations  fkxun 
Cambrian  to  Carboniferous  and  ooals,  and 
evidence  of  glacial  action  in  the  Galiatir 
range  region,  and  to  the  volcanic  oonstitn- 
ents,  age,  origin,  and  relations  of  tho  lake 
beds  of  Gallatin  valley. 

HEADDEN,  William  P.*  [Notice  of  a 
thin  bed  of  infusorial  earth  in  west  Den- 
ver.] 

Colorado  Sci.  Soc,  Froc,  vol.  2,  p.  183,  i  p. 
1888. 
HEILPRIN,  Angelo.  Explorations  on 
the  west  coast  of  Florida  and  in  the 
Okeechobee  wilderness,  with  special 
reference  to  the  geology  and  zoology  of 
the  Floridian  peninsula. 

Wagner  Inst ,  Trans.,  voL  1,  pp  i-viii,  1-134, 
pis.  n,  1-19.    1887. 

Abstracts,  Am.  Jour.  SeL,  3d  series,  toL  34, 
pp,  230-232.  1887.  Fopnlar  Science  Monthly, 
vol.  83,  p.  418,  i  p.    1887. 

Describes  outcrops  and  occurrence  of  fos- 
sils. Summarises  observations  oit  rocks  of 
Homosassa,  Chei^showiska,  Pithlachaaoootie. 
Manatee,  and  Galoosshatoheo  rivers,  Tampa 
Bay,  Hillsboro,  and  Sarasota  Bay.  Diacusxes 
literatare,  extent,  equivalency,  and  paleon- 
tology of  the  subdivisions  of  the  Tertiary; 
the  coral-reef  theory,  and  the  general  geotogic 
history  of  the  peninsula.  Gives  a  table  show- 
ing the  relations  of  the  "Atlantic  and  Gulf 
coast  Tertiaries  of  the  United  Sutea.'* 

[On  the  classification  of  the  Tertiary 

deposits.] 

International  Congress  of  Gsologiats,  Am. 
gommittse  Beports,  1888,  F,  pp.  12-ii. 
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HEILPRIN,  Angelo— Continned. 

Am.  Geologist,  toI.  2,  pp.  278-280.    1888. 
DlBcaiwion  of  upper  limit  of  Tertiary  and 
nomenclature. 

[ ]  [Remarks  on  P.  R.  Uhler's  paper 

on  the  Albaripean  and  associated  for- 
uiations  in  Maryland.] 

Am.  FhiL  Soo. ,  Froo. ,  voL  25,  p.  64,  i  p.  No. 
127.    1888. 

ExpreMion  of  opinion  that  part  of  the  *'Al* 
birnpean"  ia  Paleozoic,  and  in  regard  to  the 
age  of  the  Potomac  formation. 

The  Miocene  moUnsca  of  the  State 

of  New  Jersey. 

Philadelphia  Acad.  ScL,  Proo.,  1887,  p. 
897. 

Lists  of  fossils,  notes  on  new  and  old  spe- 
cies, and  expression  of  opinion  regardinfr  age 
and  eqaivalenoy  of  the  Miocene  members  at 
Shiloh  and  in  the  Atlantic  City  well. 

[ ]  Determination  of  the  age  of  rook 

deposits. 

Philadelphia  Acad.  SoL,  Proo.,  1887,  p. 
805. 
Discnssion  of  rates  of  deposition. 

The  classification  of  the  post-Creta- 
ceous deposits. 

Philadelphia  Acad.  Sol.,  Proo.,  1888,  pp. 
314-322. 

Review  of  fannal  relations  and  equivalency 
of  the  Tertiary  formations  mainly  in  the  Uni- 
ted States;  and  discussion  of  the  Talue  of  the 
ijsunal  element  in  geologic  chronology. 

<— The  Bermnda  Islands;  a  contribu- 
tion to  the  physical  history  and  zoology 
of  the  Somers  Archipelago,  with  an  ex- 
amination of  the  structure  of  coral 
reefs,  pp.  231,  pis.  17.  Philadelphia. 
1889. 

Includes  an  account  of  their  geology  and 
physiography,  a  discussion  of  the  coral-reef 
problem,  and  a  review  of  recent  literatare  on 
coral  reefs. 

On  Archean.  See  FRAZBR.  Re- 
port on  the  Archean. 

ECENRICH,  Carl.  The  San  Pedro  cop- 
per mine  in  New  Mexico. 

Eng.  and  Mining  Jour. ,  vol.  43,  p.  188.  4°. 
1887. 

Statement  of  chsraoter  and  dip  of  contain- 
ing Umeatooes. 

The  copper  ore  deposits  near  Mo- 

renci,  Arizona. 

Eng.  and  Mining  Jonr.,  vol. 43,  pp. 202-203, 
21»-220.    40.    1887. 

Description  of  geologic  relations  of  contain- 
ing formations. 


,  Carl — Continued. 

—  Some  forms  of  ore  deposits  in  lime 
stone. 

Eng.  and  Mining  Jonr.,  vol.  46,  pp.  368-3C9. 
4''.    1888. 

Reference  to  attitude  and  evidences  of  in* 
ternal  erosion  of  limestones  inclosing  leaNl 
ores  in  Morgan  County,  Missouri,  and  Beaver- 
head County,  Montana. 

—  The  United  and  Champion  copper 
mines  of  New  Zealand. 

Eng.  and  Mining  Jonr.,  vol.  46,  pp.  414-416. 
40.    1888. 

Description  of  geologic  relations  of  great 
"Serpentine"  dikes  in  which  the  ores  occur. 

—  Metamorphism  in  rocks. 

Eng.  and  Mining  Jour.,  vol. 46,  p.  461,  |  p, 
40.    1888. 

DiHCusses  the  agency  of  highly  heated  un- 
derground waters  under  great  pressure. 

—  Notes  on  the  geology  and  on  some 
of  the  mines  of  Aspen  Mountain,  Pit- 
kin County,  Colorado. 

Am.  Inst.  Mining  Engineers,  Trans. ,  voL 
17,  pp.  156-206.    1889. 

Stratigraphy  of .  beds  from  Cambrian  to 
Carboniferous,  structural  relations,  faults,  in- 
trasives,  and  ore  deposits.  Mainly  a  discus- 
sion of  structural  relations. 

—  The  Slayhach  lode — a  peculiar  kind 
of  fissnre  vein. 

Eng.  and  Mining  Jonr,,  vol.  48,  p.27,  t  P« 
40.     1889. 

Includes  some  atiatoments  in  regard  to  re- 
lations of  associated  volcanic  rocks,  and  dikes. 

—  Is  a  faulted  fissnre  always  the  old- 
est?   A  study  of  faults. 

Eng.  and  Mining  Jour.,  voL48,p.  160, }  p. 
40.    1889. 
Discussion  of  mechanism  of  crossed  faults. 


C.  L.  A  sketch  of  the 
geological  history  of  Licking  County, 
accompanying  an  illustrated  catalogue 
of  Carboniferous  fossils  from  Flint 
Ridge,  Ohio. 

Denison  Univ.,  Bull.,  vol.  2,  pp.  5-68,  pis. 
I-vi,  pp.  144-148.     1887. 

Detailed  description  of  the  geologic  rela- 
tions, the  outcrops,  structure,  and  charaoter- 
isticA  of  the  Waverly  and  immediately  over* 
lying  rocks.  Discusses  the  mode  and  rate  of 
deposition  of  the  formations,  the  origin  of 
their  materials,  and  their  psleontologic  rela- 
tions. Gives  structural  and  columnar  sec- 
tions. 

—  The   geology    of  Licking   Gowa^^ 


Ohio,  paxt  ui. 
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HERRICK,  n.  L.— Continned. 

Dcnison  Univ. ,  Ball. ,  vol.  3,  pp.  13-110,  pis. 
l-Xli.    1^86. 

Ab^tnicts,  Am.  Joar.  Sci.,  vol.  37,  pp.  317- 
318.  i  p  ,  1889 ;  Am  GeologUt,  voL  3,  p.  50, }  p. 
1880. 

I>iscns:iion  of  tbo  stratiKraphic  position  and 
rsnjie  of  the  Warerly  and  description  of  its 
8tratii;raphy,  paleontolocry,  axi<^  inclination, 
and  of  evidence  of  local  anconformity  in  tbe 
nubCarboniferouA  at  some  points.  List  of 
foiisilH,  pp.  27-37. 

Geology  of  Licking  Connty,  part  iv. 

Denison  University,  Ball.,  vol  4,  pp.  11-60, 
97-123.  pla.  I-XI.     1888. 

Abstracts,  Am.  Jour.  Sci.,  3d  series,  vol.37, 
pp.  317-318,  I  p.,  1889 ;  Am.  Qeologist,  voL  3, 
p.  50, 1  p.   1880. 

Pages  11-60  and  114-123,  descriptions  and 
lists  of  fos.viil8. 

Pages  97-114,  discnssion  of  stratigraphy  of 
Wavevly  and  associated  series. 

Notes  ou  the  Waverly  groap  in  Ohio. 

Am.  Geologist,  voL  8,  pp.  04-09,  pis.  l-iv. 
1£89. 

Discnssion  of  the  equivalency,  taxonomy, 
and  paleontologio  relations  of  the  Waverly 
members. 

CLARKE,  E.  S.  andDEMING^J.  L. 

Some  American  norytes  and  gabhroH. 

Am.GeologiBt,  voL  1,  pp.  339-34C.  pi.    1888. 

Discussion  of  the  modifications  induced  in 
baitic  cniptivcs  by  thu  iiiturpeiieirated  rocks 
and  dcscdptiou  of  occurrence  and  petrog- 
raphy of  olivine  noryte  and  a^acent  rocks 
no4ir  Marshal],  Noith  Carolina,  the  Duluth 
gabbros  and  the  garnctil'crous  gabbros  from 
Granite  Falls,  Minnesota.  Keview  of  Wads- 
worth  on  the  origin  of  dio rites. 

. TIGHT,  W.  G.  and  JONES,  If.  L. 

Geology  and  lithology  of  Michipicoton 

Bay. 

Denison  Univ.,  Bnll.,  vol.  2,  pp.  119-143,  pis. 
10-13.     1887. 

Abstracts,  Am.  Jonr.  Sci.,  3d  scries,  voL 
34,  p.  12,  I  p.  1887;  Am.  Naturalist,  vol.  21, 
pp.  651-655.  pis.  22-23,  1887,  (by  Herrick  ?) 

After  reviewing  the  work  of  previuus  ob- 
servers, especially  McFarlan,  describe  the 
geologic  features  of  the  region  and  the  micro- 
petrography  and  mode  of  occurrence  of  a 
series  of  rock  specimens.  Discuss  the  nature, 
relative  positions,  stratigraphic  and  structural 
relations,  variations  and  equivalency  of  the 
Lanrentian,  Durouian,  and  Kewceuawan 
series.  Illustrated  by  maps  and  structural 
and  micro-rock  sections. 

HE"WETT,  G.  C.   The  northwestern  Col- 
orado coal  region. 

Am.  Inst.  Mining  Engineers,  Trans.,  voL 
27,^^.375-380.    1889. 


\  G.  C. — Continned. 
Statf'mont  in  regard  to  geologic  horizon  and 
distribution  of  the  coals  and   the   gen*'ral 
stratigraphjt  of  the  region.    Notice  of  very 
recent  lava  flows. 


\f  Henry.    The  Cambrian  rocks  of 
North  America. 

Geol.  Mag.,  3d  decade,  vol.  4,  pp.  15S-158. 
1887. 

Summarization  of  Walcott's  views  on  the 
nse  of  the  term  Cambrian  and  the  faunal,  and 
stratigruphic  relations  and  equivalency  of  the 
subdivisions  of  the  formation. 

—  [Remark    on    equivalency     of    the 
Huronian  with  the  Pebidian.] 

Geol  Soc.,<2Qsurt.  Jonr.,  vol.  41,  p.  817, | p. 

1888. 


(,  Lewis  £.     [Diatomaceons  earth 
on  North  Lonp  River,  Nebraska.] 

Am  Geologist,  vol.  1,  p.  136.  ^  p.    1888. 
Xotlce  of  its  occurrence  and  thickness. 

—  Geyserite  in  Nebraska. 

Am.  Geologist,  toI.  1,  pp.  277-280,  voL  2,  p. 
437.    1888. 

Reference  to  occurrences  of  volcanic  dust 
in  Nebraska,  and  extracts  from  "l'h>iiical 
geography  and  geology  of  Nebraska,"  1^0. 
by  Samuel  Anghey  on  polishing  |>owdera  and 
supposed  infusorial  earth  and  geyser  flocnla. 

■5—  The  reef-bailders. 

Am.  Geologist,  vol.  1,  pp.  297-305.    1888. 
Discussion  of  tbe  theories  of  Darwin  and 
Murray. 

—  [Volcanic  dnats  from  Krakatoa,and 
from  Nebraska  and  Kansas.  ] 

Am.  Geologist,  voL  2,  p.  64,  ^  p.    1888. 
Reference   to  evidence  of  their  volcanic 
nature. 

—  [Quartzite  between  Niobrara  and 
O^Neil,  Nebraska,  and  its  relation  to 
the  Valentine  quartzite.] 

Am  Geologist,  voL  2,  pp.  851-353,  f  p.  188& 
Reference  to  occurrence  of  quartzite  ou 
road  from  Niobrara  to  O'Neil,  Nebraska,  and 
discnssion  of  its  age  and  equivalency  wiUi 
the  Tertiary  quartzite  at  Valentine,  Ne- 
braska. 

—  Diatomaceons  earth  in  Nebraska. 

Am.  Jonr.  Sd.,  3d  scries,  voL  35,  p.  86ki  p. 
1888. 

List  of  species.  Brief  reference  to  mode  of 
occurrence. 

—  Soils  of  Nebraska  as  related  to  geo- 
logical formations. 

Am.  Geologist,  vol.  3,  pp.  38-45.    1&S9. 
Includes  a  preliminary  geologic  map  and 
sketch  of  the  geology  of  the  States 
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>,  E.  W,  The  eqniralenco  id 
time  of  American  marine  and  intra- 
continental  Tertiarles. 

Science,  vol.  0,  pp.  52.5-536.    1887. 

CiilU  aiteutioD  to  tlie  opportnniticfl  affbrded 
for  the  deU>rmination  of  the  loliitions  of 
Interior  and  jrnlf  TertiarieH,  in  the  region 
between  and  adjacent  to  the  Red  and  Arkan- 
sas rivers.  Discassps  the  correlation  of 
acme  of  the  members  of  the  two  series. 

[On  the  use  of  tlio  term  '*01igocene" 

in  tbe  f^nlf  rep^ion.] 

International  Oongress  of  Geologists,  Am. 
Committee  Reports,  1888,  F,  p.  7, 6  lines. 
Am.  a-0olog:ist,  vol.  2,  p  273.    1888. 
Opinion  in  rej^ard  to  lis  inapplicability. 

[On  the  relations  of  tlie  Grand  Gnlf 

series.] 

International  Oongress  of  Geologists,  Am. 
Oommittse  Reports,  1888,  F,  pp.  9-9. 
Am.  Geologist,  vol.  2,  pp.  274-275.    1888. 
To  aasodated  and  correlated  formations. 

—  [On  the  inclusion  of  "Quaternary" 
in  the  Tertiary.] 

International  Oongress  of  Geologists,  Am. 
Committee  Reports,  1888,  F,  pp.  14-15,  |  p. 
Am.  Geologist,  voL  2,  pp.  280-281.    188S. 
Statement  of  opinion. 

Agricnltnre    and    late    Quaternary 

geology. 

Science,  toL  11,  pp.  241-242, }  p.    1888. 
DeAcriptlons   of  evidence    of   an   ancient 
drainage  system  in  the  upper  San  Joaqnin 
ralley,  California. 

ECILL,  Frank  A.  Geology  and  mining 
in  the  northern  coal-field  of  Pennsyl- 
vania. 

Am.  Inst.  Mining  Engineers,  Trans.,  voL 
15,  pp.  699-707.    1887. 
General  description  of  the  geologic  featnroe. 

Report  on  the  Anthracite  region. 

Pennsylvania,  Report  of  Geol.  Surrey,  1888, 
part  3.  pp.  910-1329,  4  platee,  7  sheets  in  atlas. 
1887. 

Description  of  tiorthem  and  western-middle 
coal-fields  and  discussion  of  structural  and 
stratigmphio  relations  in  some  parts  of  the 
areas,  pp.  025-1007.  Sections  in  northern  and 
eastern  and  western-middle  fields. 

—  Lehigh  River  section  continued  from 
Lock  11,  southward  to  the  Blue  Moun- 
tain. 

FennsylTania,  Report  of  Geol.  Surrey,  1886, 
part  4,  pp.  1372-1385.    1887. 

Detailed  description  of  the  strati'n'nphy  of 
bcd<)  from  Pocono  to  top  of  Loraino  slate,  and 
of  the  structural  relations  of  the  region. 
Bftference  to  glacial  drift  and  striiB. 


,  Frank  A.— Continued. 
—  Report  on  the  metallic   paint  ores 
along  the  Lehigh  River. 

Pennsylvania,  Report  of  Geol.  Survey,  1886, 
part  4,  pp,  1386-1408,  sheet  6  in  atlas.    1887. 

Description  of  geologic  relations,  stracturo 
of  paint  beds,  and  sections  in  mines. 


—  Atlas  southern  anthracite  field,  part 
2.  Peuusylvania  Gteol.  Survey,  AA. 
13  sheets.     Harrisburg.     1889. 

Colored  geologic  maps. 

Atlas  eastern  middle  anthracite  field, 


part  3.    Pennsylvauia   Geol.   Survey, 
AA.    13  sheets.     Harrisburg,  1881). 

Colored  geologic  maps,  and  columnar  and 
cross  sections. 

—  Atlas  northern  anthracite  field,  part 
4.  Pennsylvauia  Geol.  Survey,  AA.  8 
sheets.    Harrisburg,  1889. 

Colored  geologic  maps,  with  marginal  col- 
umnar  sections. 


—  Atlas  northern  anthracite  field,  part 
5.  Pennsylvania  Geol.  Survey,  AA.  7 
sheets.    Harrisburg,  1889. 

Cross  and  columnar  seotions  in  coal-meas* 
urea. 

^LL,  Robert  T.  A  partial  report  on  the 
geology  of  western  Texas. 

Am.  Jonr.  Sci. ,  3d  seriea,  vol.  33,  pp.  73-75. 
1887.  , 

Notice  of  G.  G.  Shumard's  poHthumons  re- 
port. Describes  the  work  of  the  Shnroards, 
and  pointa  out  the  erroneonsness  of  their 
opinion  in  regard  to  the  stratigrapbic  relations 
of  the  subdivisions  of  the  Cretaceous  to  each 
other,  and  to  the  Tertiary. 

—  The  topography  and  geology  of  the 
Cross-Timbers  and  surrounding  regions 
in  northern  Texas. 

Am.  Jour.  Sci.,  3d  series,  vol.  83,  pp.  291-303, 
plate  6.    1887. 

Abstract,  Am.  Naturalist,  vol.  21,  p.  172,  | 
p-    1887. 

Describes  the  general  topographic  and  geol- 
ogic features  of  Texas,  Biti  the  relations  of 
the  Cretaceous.  Points  out  the  c-anse  of  tho 
oross-timbers,  and  discusses  their  extent  and 
geologic  relations.  Gives  a  table  showing 
the  history,  position,  equivalency,  strati- 
graphy, paleontology,  and  occurrence  of  the 
subdivisions  of  the'Ct**taceons  of  northern 
Texas.    Accompanied  by  a  hypsometric  map. 

—  The  Texas  section  of  the  American 
Cretaceous. 

Am.  Jonr.  Sci.,  3d  series,  vol.  34,  pp.  287-309. 
1887. 

Describes  the  aubdWU&»^<^  ^1  '^^  'Yvuuk 
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,  Robert  T.— Continued. 
Cretaceona,  and  di^ouases  their  fiianal  and 
Btratigraphio  relations,  extent,  and  equiva- 
lency with  the  Cretaceous  of  other  parts  of 
Korth  America  and  of  Europe.  Reviews  the 
literature  and  psloontolngy  and  the  eqniva* 
lenoy  and  horizons  of  the  subdivisions  of  the 
American  Cretaceous. 

—  The  present  condition  of  knowledge 
of  the  geolof^y  of  Texas. 

17.  S.  Geol.  Survey,  Bull.,  vol.  7,  pp.  381-473, 
No.  45.    1887. 

Historic  sketch  of  geoloiclo  investigation, 
and  summary  and  review  of  the  results. 

—  Notes  nx>on  the  Texas  section  of  the 
American  Cretaceons.    [Abstract.] 

Am.  Asanc.  Adv.  Science,  Proc,  voL  88,  p. 
218.  f  p.    1888. 

Refers  to  relations  and  equivalency  of  a 
new  group  lying  below  the  Dakota  sandstone, 
and  the  general  relations  of  the  Cretaceous 
members  in  Texas. 

]  Notes  on  the  geology  of  Western 

Texas. 

Geol.  and  Sci.  Bull.,  vol.  1,  No.  8,  |  p.,  4<>. 
1888. 

Abstract,  Am.  O-eologist,  vol.  8,  pp.  61-52, 
I  p.    1889. 

References  to  extent  and  inclination  of  Car> 
boniferous,  divisibility  of  "red  beds'*  into 
Permian  and  Jura  Trias,  relations  of  Creta- 
ceous, Quaternary  or  late  Tertiary  of  plains 
west  of  the  Sweetwater,  evidence  of  Quater- 
nary lakes  in  the  mountain  region  west  of  the 
Pecos,  the  terraces  of  the  Rio  Grande  near 
El  Paso,  the  lower  Cretaceona  or  possible 
Jarassic  of  the  southwestern  region,  and  the 
Quaternary  and  post-Quaternary  history  es- 
pecially of  the  Llano  Estacado  region. 

—  The  Trinity  formation  of  Arkansas, 
Indian  Territory,  and  Texas. 

Science,  vol.  11,  p.  21, )  p.    1888. 

Describes  the  characteristics,  extent,  and 
general  relations  of  a  pre-Cretaceons  Mesosoic 
series  to  which  the  term  Trinity  formation  is 
applied. 

—  University  of  Texas.    School  of  Geol- 
ogy—circular No.  1.     1  page.     1888. 

References  to  Permian  of  western  Texas; 
occurrence  of  Laramie  along  the  Texas  side 
of  the  lower  Rio  Grande;  origin  of  the  Texas 
Cretaceous ;  occurrence  of  Mesozoic  igneous 
area  in  central  Texas ;  tlip  Jurassic  age  of  the 
Tacumcarri  section  in  northwest  Texas,  and 
the  existence  of  an  extensive  marine  Juras- 
sic formation  in  southwest  Texas  and  a^acent 
parts  of  Mexico. 

—  Neozoic  gwology  of  southwestern  Ar- 
kansas. 

Arkansas  Geol.  Survey,  Report  for  1888, 
rol  2,  pp.  1-260.    Map.    1888. 


HILL.  Robert  T.— Continued. 

Review  by  Jules  Marcou.  Am.  Geologist, 
vol.  4,  pp.  357-367.  1880.  Abstracta.  Popular 
Science  Monthly,  vol.  36,  p.  129.  ^  p.  1880. 
Am.  Geologist,  vol.  4,  pp.  243-246.  1880.  Am. 
Jour.  Sci.,  3d  series,  voL  38,  pp  413-414,  f  p. 
1889. 

Systematic  description  of  the  several  forma- 
tions, discussions  of  equivalency,  geologic* 
history,  extent  and  relations  in  adjoining  and 
correlated  regions,  and  paleontologic  descrip- 
tions. Part  2  is  an  account  of  economic 
l7(^io|?yi  in  which  the  origin,  classification, 
geologic  relations,  and  Improvement  of  soils 
are  considered. 

Events  in  North  American  Creta- 


ceons history  illustrated  in  the  Arkan- 
sas-Texas division  of  the  sonthwestern 
region  of  the  United  States. 

Am.  Jour.  Sci.,  3d  series,  vol.  87,  pp.  282-290. 
1880. 

Includes  descriptions  of  stratigraphic  and 
structural  characteristics,  discussions  of 
equivalency,  taxonomy,  and  paleontologic  re- 
lations %f  some  of  the  Cretaceous  members, 
and  brief  reference  to  pre-Cretacic  and  post- 
Crotacic  conditions  in  the  Arkansas-Texai 
region. 

—  Ueber  eine  dnrch  die  Hanfigkeit  Hip- 
puritenartiger  Chamiden  ansgezehsh- 
nete  Fauna  der  oberturonen  Kreide  von 
Texas,  von  Ferdinand  Roemer  in  Bres- 
lau.    1888. 

Am.  Jour.  Sci.,  3d  aeries,  vol.  37,  pp.  318-819, 
I  p.    1889. 

Review  in  which  the  stratigraphy  la  dis- 
cussed. 

—  [Remarks  on  occurrence  of  Macraster 
Texan  us]. 

Am.  Naturalist,  vol.  23,  p.  168, 1  p.  (Febru- 
ary No.)    1889. 

Reforenre  to  its  associates  and  stratigraphic 
position.  Review  of  Roemer,  NenesJnhrbacb,^ 
1888,  vol.  1,  pp.  191-195,  pi. 

—  [On  the  validity  of  some  new  species 
from  the  Cretaceous  of  Texas]. 

Am.  Naturalist,  vol.  23,  p.  169,  i  p.  (Febru- 
ary No.)    1889. 

Review  of  Shiit«r  ••TJel>er  die  regulSren 
Echinoderraata  der  Kreide  Nord  Amoriltas," 
and  Ueber  Innceraronn  nnd  Cephalopodender 
texanischen  Kreide.  Includes  references  to 
equivalency  of  Austin  Cretaoeoun  beds. 

—  A  portion  of  the  geologic  story  of  the 


Colorado  River  of  Texas. 

Am.  Geologist,  vol.  3,  pp.  287-299.    1889. 
Abstracts,   Popular  Science  Monthly,  vol. 
36,  p.  673,  }  col.    1896.    Am.  Naturalist,  voL 
24.  p.  958,  i  p.     1890. 
Descriptions  >f  stratigraphy,  stmctare,  sod 
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Robert  T.—Continiie<1. 
OTorlaps,  and  aketoh  of  geoloiiio  history  fnm 
Cambrian  to  Quaternary  in  Travis,  Bnmet, 
and  parts  of  a4Joiuing  coanties. 

The  foramini feral  origin  of  certain 

Cretaceons  limestones,  and  the  sequence 
of  sediments  in  North  American  Creta- 
ceons. 

Am,  Oeologist,  vol. 4, pp.  174-177.    1889L 
DiacDsses  the  nature  of  the  lower  Creta- 
oeoae  limestones,  and  summarizes  the  history 
of  deposition  of  the  Cretaceous  of  the  Texas 
region. 

Paleontology  of  the  Cretaceons  for- 
mation of  Texas.  Part  I.  University 
of  Texas  school  of  geology,  pp.  5,  pis. 
3,  Austin.    1889. 

Abstraott  Popular  Science  Monthly,  vol.  38, 
pp.424-42S,iool.    1890. 

Includes  a  reference  to  the  relations  of  the 
Tola  limestone  of  the  Comanohe  series  near 
Austin. 

The  Permian  rocks  of  Texas. 

Science,  vol.  13,  p.  03,  ^  ool.    1889. 

Calls  attention  to  the  presence  of  a  Permian- 
Triassic  1  series,  and  suggests  their  extension 
to  the  Kanab  Valley  section  in  Utah. 

and  PENROSE,  R.  A.  F.,  Jr.  Rela- 
tion of  the  uppermost  Cretaceous  beds 
of  the  eastern  and  southern  United 
States,  and  the  Tertiary-Cretaceous 
parting  of  Arkansas  and  Texas. 

Am.  Jour.  Sci.,  3d  series,  vol.  38.  pp.  468-478. 
1880.  Abstract^  Am.  Naturalist,  toL  24,  p. 
760. 1  p.    1800. 

Description  of  the  characteristics  and  rela- 
tions of  Ibe  uppermost  Cretaceons  members 
in  the  Texas- A rkansaii  region,  presentstion  of 
evitleuce  of  tlioir  equivalency  with  the  lower 
marls  of  the  Kew  Jersey  rngion,  and  an  ac- 
count  of  the  relations  and  history  of  the  un- 
conformity at  the  base  of  the  Tertiary.  Pre- 
faced by  a  summary  sccount  sud  table  of  the 
-  Cretact^ons  nierabers  in  the  Arltanius-Texas 
region,  and  concluded  by  some  Huggeslions  in 
regard  to  Cretaceous  taxonomy. 

HIIiLEBRAND,  W.  F.    Chemistry. 

Geology  and  Mining  Industry  of  Leadrille, 
Colorado,  by  S.  F.  Emmons,  U.  S.  Geol.  Sur- 
Tey,  Mon.,  vol.  12,  pp.  .585-4108.    1886. 

Analyses  of  erupt ives,  limestones,  ores,  Tein 
materials,  etc 

HILLS,  R.  C.  Notes  on  the  recent  dis- 
covery of  natural  gas  in  Pitkin  County, 
Colorado. 

Colorado  Sci  Soc,  Froc,  toI. 2, part  2,  pp. 
106-107.    1887. 

Piflcnsnion  of  the  horixon  from  which  the 
gas  is  derived.  | 


\t  R.  C. — Continued, 

—  Circulation  of  water  through  the 
strata  of  the  npper  Cretaceous  coal 
measures  of  Gunnison  County,  Colo- 
rado. 

Colorado  Sci.  Soo.,  Froc,  toI.  2,  part  2,  pp. 
127-133.    1887. 

Account  of  the  strata  penetrated  by  bore- 
holes and  general  sketch  of  the  geology  of 
the  region,  illostrated  by  a  geologic  map. 

—  Preliminary  notes  on  the  ernptions 


of  the  Spanish  Peaks  region. 

Colorado  Sci.  Soe.,  Froo.,  vol.  8,  pp.  24-84, 
pi.    1880. 

Descril>es  stmctural  relations  of  the  dikes 
and  laccolites,  and  discusses  t^e  history  of 
their  intrusion. 

The    recently    discovered    Tertiary 


beds  of  the  Hnei-fano  River  basin,  Col- 
orado. 

Colorado  Sci.  Soc.,  Froo.,  voL  3, pp.  148-184^ 
pi.    1880. 

Description  of  their  stratigraphy,  stmctnre, 
distribution,  volcanic  contents,  and  relations 
to  the  Laratnie,  and  disonssion  of  their  history, 
extent,  and  taxonomy. 

Address — ^The  field  for  original  work 

in  the  Rocky  Mountains. 

Colorado  ScL  Soc,  Ffoo.,  voL  8,  pp.  188- 
184.    1880. 

General  review  of  the  present  condition  of 
knowledge  of  Colorado  geology  and  summary 
of  discoveries  made  since  the  Hayden  survey. 
Refers  to  occurrence  of  supposed  Cambrian 
near  Ouray,  the  extent  and  stratigraphy  of 
the  Laramie,  and  of  the  Trias  in  the  San  Juan 
region;  evidences  of  glacistion  In  the  White 
River  plateau,  the  occurrence  of  supposed 
Tertiary  conglomerate  near  Ouray  and  Telln- 
ride,  the  genesis  of  ores,  and  the  existence  of 
more  recent  volcanio  formations  in  various 
parts  of  the  State. 

HINMAN,  Russell.    The  laws  of  corra- 
sion. 

Science,  vol.  12,  pp.  110-120,  |  p.    1 888. 

Reference  to  Powell's  contributions  to  the 
subject,  and  suggests  some  exceptional  con- 
ditions. 

HITCHCOCK,   C.  H.    Genesis  of  the 
Hawaiian  Islands. 

Am.  Assoc.  Adv.  Science,  Froo.,  roL  SO.  pp. 
222-223.    1888. 

Discusses  evidence  of  uplift,  in  review  of 
Dntton. 

[On  the  nomenclature  of  the  Ameri- 

c;an  lower  Paleozoic.  ] 

International  Congress  of  Oeologists,  Am. 
Committee  Reports,  1888,  B,  pp.  11-1?. 
Am.  a«olo|^lst^^o\.*L»\k^.'2!^\.-nM^   YSS^ 
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HITCHCOCK,  C.  H.— Continued. 

Refeicuco  to  llie  jtoMtion  of  the  "Taconlo" 
rocks,  tb«  use  of  Ihe  term  "TacoDic,"  the 
ase  of  the  smaller  Americah  terras  like 
"  Niaj^ara,"  and  to  a  <1ital  nomenclatare,  pale- 
ontolo^c  ADcl  stratigTAphic. 

Report  of  tbe  sKbcoiuniittoe  on  tbe 

Quaternary  and  Recent. 

International  Congress  of  Geologists,  Am 
Committee  Reports,  18^8.  H,  pp.  12. 

Am.  Geologist,  vol.  2,  pp.  300-306.    1888. 

Keview  of  occurrence,  diaracteristics,  and 
relations  of  tbe  mom  bora  of  the  Qnaternary 
and  r68am6  of  opinion  in  regard  to  their 
equivalency  and  correlation,  and  the  sequence 
of  events  in  Qnaternary  time. 

Conglomerates    in     New    England 

gneisses  [a  letter  addressed  co  Alexan- 
der Wincbell.] 

Am.  Geologist,  vol.  3,  pp,  253-236.    1880. 

Discui«8C4  thn  a^e  and  rHations  of  pehble 
and  fra^iiient-beuriuK  cij^talline  rocks  in 
Khodo  iHlaud,  New  Hampshire,  Vermont,  and 
Massachusetts. 

Date  of  tbe  pnblication  of  the  report 

npon  ibe  geology  of  Vermont. 

Boston  Soc.  Nat  Hist. ,  Proc. ,  vol.  24,  pp.  33- 
37.     1889. 

Includes  a  historic  account  and  definition 
of  the  application  of  tho  term  "  Oeorjria  slate," 
and  refuionces  to  tho  results  of  Waloott's 
studieH  in  western  Vermont. 

On   tbe    Arcbean.    See 


Report  on  Arcbean. 

William   H.     On    tbe   petro- 


grapbical  cbaracters  of  a  dike  of  dia- 
base in  tbe  Boston  basin. 

Harr.,  Mns.  Comp.  Zool.,  Bull.,  yol.  16,  pp. 
1-12,  pi.  No.  1.    1888. 

Also  describes  occurrence,  text  ami  rela- 
tions in  its  different  parts,  and  some  features 
of  the  inclosing  strata.    Analyses. 

—  On  tbe  rocks  occnrring  in  tbe  neigb- 
borbood  of  llcbester,  Howard  Connty, 
Maryland:  Being  a  det.ailed  study  of 
the  area  comprised  in  sheet  No.  16  of 
tbe  Jobns  Hopkins  University  map. 

Johns  Hopkins  UnlT.,  Circulars,  vol.  7,  pp. 
60-70, 40,  No.  65.     1888. 

Abstract,  Am.  Naturalist,  vol.  -22,  p.  627. 
1888. 

Mainly  petro graphic.  Heferences  to  se- 
quence of  tho  various  c  ruptivcs  and  the  rela- 
tions atttoveral  lof«Iities. 

—  On  tbe  paragenesin  of  allanite  and 
epidote  as  rock-forming  minerals. 

Am.  Jonr.  Sci.,  3d  series,  voL  38,  pp.  223- 
228.    188$. 


HOBBS,  Willi.iTn  H.— Continued. 

Abstract,  Am.  Naturalist,  vol.  23,  p.  721,  i  p 
1889. 

Includes  a  petro^n'aphio  description  and 
analysis  of  tho  granite  from  Ilchester,  near 
Baltimore. 

HODGE,  J.  M.  Preliminary  report  on 
tbe  geology  of  parts  of  Letcber,  Har- 
lan, Leslie,  Perry,  and  Breatbitt  coun- 
ties. 

Kentncky.  GeoL  Surrey,  John  R.  Proctor, 
Director,  Reports  on  the  sontheasfem  Een- 
tnckf  coal-field,  pp.  35-52,  maps,  plates.    1^j7. 

Description  of  coal  beds,  and  the  structure 
and  stratigraphy  of  the  coal  meaaurea. 

Preliminary  report  on  tbe  geology  of 

tbe  lower  nortb  fork,  middle  and  sonth 
forks,  Kentucky  River. 

Kentucky  Geol.  Surrey,  John  R.  Proctor, 
Director,  Reports  on  the  Southeastern  Ken- 
tucky coal-field,  pp.  53-1 14,  pis.     1887. 

Description  ot  the  coal  beds,  and  the  strati- 
erapliy  and  atmcture  of  the  coal  measures 
and  conglomerate.  Aooompaniod  by  plates  of 
columnar  sections. 

HODGES,  A.  D.  Notes  on  tbe  topogra- 
phy and  geology  of  tbe  Cerro  de  Pasco, 
Pern. 

Am.  Inst.  Mining  Engineers,  Trans.,  vol. 
16,  pp.  739-753.    188& 

Includes  a  description  of  Cretaceous  and 
Jurassic  formations,  and  tho  occurrence  and 
petrography  of  the  andesitos,  and  a  sketch 
of  the  geologic  history  of  the  region. 

HOLLICB;  Arthur.  [Well  at  Clifton, 
Staten  Island.] 

Staten  Island  Nat.  Sci.  Assoc.,  Free.,  Oct 
8,1887. 
Nine  hundred  feet  in  depth  in  mica  sohists. 

[Leaf  impressions  in  Cretaceons  (f ) 

sandstone  in  drift  near  Arrochar  sta- 
tion.] 

Statsn  Island  Nat.  Sci.  Assoc.,  Proc.,  Dvc. 
8,1888.    icol. 

Am.  Naturalist,  vol.  23,  p.  459,  ^  p,  p.  548.  } 
p.    1889. 

Notice  of  occurrence  of  drift  masses  con* 
talning  fossil  leaves,  and  a  fine  exposure  of 
modifled  drift  overlain  by  bowlder  drift. 

[Remarks  on  fossiliferoiis  sandstones 

in  Cretaceons  clays  on  Staten  Island  ] 

Staten    Island  Nat.    Sci.    Assoc.,    lYoc, 

April,  1889,  i  p. 

Am.  Naturalist,  vol.  23,  p.  1036.    1889. 

Brief  reference  to  their  occurrence  on  beach 
at  Tottenville  and  Perth  Aniboy,  and  in  a 
new  clay  outcrop  at  Prince's  Bay. 

[Trinssic  sbale  outcrops  on  Staten 

Island.] 


\ 
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HOLLICK,  Arthur — Continued. 

Staten  Island  Nat.  Sci.  Amoc.,  Froc.| 
April,  1889, }  p. 

Am.  Natnrallst,  roL  23,  pp.  1033-1344,  1037. 
18S9. 

Brief  references  to  outcrops  at  Marinor's 
Harbor,  and  near  EraMtiua  and  Arlington 
ttations. 

HOLLISTER,   O.   J.     Gold  and  silver 
mining  in  Utah. 

Am. Inst  Mining  Engineers,  Trans.,  vol. 
16,  pp.  3-18.     1887. 

lucidontally  refers  to  some  geologio  feat- 
nres  of  a  portion  of  the  Wasatch  range  and 
vicinity. 

HONE7MAN,  D.     Geology  of  Ayles- 
furd,  King's  County,  Nova  Scotia. 

Nova  Scotian  Inst.,  Proc,  vol.  7,  pp. 7-12. 
1888. 

References  to  the  bowlders,  glacial  strife 
and  drifts,  terraces,  Silurian,  Cambrian,  and 
Ti  iassic  outcrops,  and  occurrences  of  granites, 
arnygdaloids,  and  diorites. 

• Notes  of  examination  by  Prof.  James 

Hall  of  the  Silurian  coUoction  of  the 
l*rovincial  Museum. 

Nora  Scotian  Inst.,  Proc.,  vol. 7,  pp.  14-17. 
1888. 

Statement  of  paleontologic  evidence  of  the 
equivalency  of  the  subdivisions  of  the  Arisaig 
group,  the  beds  at  Wentworth,  and  the  Silu- 
rian lieds  on  Cape  Breton. 

-"—  Geology  of  Halifax  and  Colchester 
counties.    Part  II. 

Nova  Scotian  Inst.,  Proc.,  vol.  7,  pp.  35-47. 
1888. 

References  to  lower  Cambrian,  lower  Carbon- 
iferous,  granites,  evidences  of  glaciation.  con- 
tacts of  lower  Carboniferous  and  lower  Cam- 
brian, and  the  date  of  metamorphism  of  the 
gold-beariog  rocks. 

-. Glacial  geology  of  Nova  Scotia. 

Nova  Scotian  Izut.,  Proc,  vol.7,  pp. 73-85. 
1888. 

Description  of  bowlder  deposits  at  various 
localities,  and  disoussionof  their  origin.  Ref> 
erence  to  stries,  terraces,  and  glacial  history 
of  the  region. 

-. —  Nova   Scotian    superficial  geology, 
with  map,  systematized  and  illustrated. 

Nova  Scotian  Inst.,  Proc.,  vol.  7,  pp.  131- 
141.    1888. 

Reference  to  the  occurrence,  relations,  and 
history  of  the  several  superficial  formations. 

A  geological  recreation  in  Massachu- 
setts centre,  U.  8.  A. 

Nova  Scotian  Inst.,  Trans.,  vol.7,  pp.  107- 
801.    1888. 
Includes  incidental  references  to  the  char- 


HONE7MAN.  D.— Continued. 

acteriHtics  of  the  crystalline  rocks  of  the 
repou,  aud  discns$(tis  their  age. 

Glacial  bowlr^rrsof  onrfishoricB,  and 

invertebrateB,  attaclicd  and  detached. 

Nova  Scotian  Inst.,  Trans.,  vol.  7,  pp.  205- 
213.     1880. 

Acconiit  of  bowlders  from  the  fishing  banks, 
and  expression  of  opinion  in  regard  to  for- 
mation underlying  the  region. 

HOVEY,  Edmund  Otis.  Observations 
on  some  of  the  trap  ridges  of  the  East 
Haven-Bran  ford  region. 

Am.  Jonr.  Sci.,  3d  scries,  vol.  38,  pp. 361-383, 
pi.  IX.    1889. 

Descriptions  and  discussion**  of  contact 
phenomcnu.  ainygdnlar  surfaces,  breccias, 
faults,  and  flexures,  and  discussion  of  their 
bearing  on  the  origin  of  the  traps. 

HOWLBY,  James  P.  The  Taconio  of 
eastern  Newfouudland. 

Am.  Geologist,  voL  i,  pp.  121-123.    1889. 

Statements  in  regard  to  the  rflsiions  of 
Cambrian  and  Ordovician  members  at  vaiiuus 
localities.. 


>,  O.  P.     [Groat  bowlder  in 
Woo.dbridge,  Connecticut.] 

New  York  Acad.  Sd.,  Trans.,  vol.  4,  p.  2i'>,  \ 
p.    1887. 

Statement  of  size  and  elcv.ition.  and  sug- 
gestion in  regard  to  its  origin  and  history. 

HUGHES,  N.  C.    Genesis  and  geology : 
the  huLinony  of  the  scriptural  and  ge- 
ological records,  pp.  142.     12°.    Choco- 
inrinity,  North  Carolina,  1887. 
Not  seen. 

ETOMFHREYS,  A.  N.  Mining  methods 
practiced  by  the  Westmoreland  Coal 
Company,  Irwin,  Pennsylvania. 

Pennsylvania.    Gteol.  Survey.,  Report  for 

1886,  part  1,  pp.  411-45G,  7  plates.    1887. 
Pages  446-454;   section  of  the  bed,  dips, 

olay  and  slack  veins,  faults. 

HUNT,  T.  Sterry.  Elements  of  primary 
geology. 

Geol.  Mag.,  3d  decade,  vol.  4,  pp.  493-500. 
1887. 

Abstracts,  Eng.  and  Mining  Jour.,  vol. 44, 
p.  219.    40.    1887.    Nature,  vol,  nn,  pp.  574-.'i75. 

1887.  British  Assoc.  Adv.  Science,  Report, 
1887,  pp.  701-705.     188& 

Contains  a  r^nra6  of  the  oharacteristics, 
equivalency,  and  ilistribntion  of  the  subdivi. 
sions  of  the  Archean,  and  a  brief  discussion 
of  the  extent  of  the  Taconian  in  Eastern 
North  America,  the  equiraloncy  of  the  Ani- 
mikie,  and  the  relations  of  the  Kee^eenawan 
and  Cambrian, 
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HUNTp  T.  Steiry — Continned. 
-^'~  Gastaldi  on  Italian  geology  and  the 
crystalline  rocks. 

0«ol.  Magazine.,  3d  decade,  toL  4,  pp.  531- 
640.    1887. 

Almtraor.,  British  Assoc.  Adr.  Science,  Re* 
port,  1887,  pp.  703-704.     1888. 

Refers  to  the  unaltered  nature  of  the  Mon- 
treal granitoid  chrysolilic  ilolerite,  and  to  the 
najirncsian  chrysolites  in  the  crystalline  lime- 
stones of  eastern  ICassachusetls.  Briefly 
discusses  the  petrography  of  the  Taconian 
and  its  separateness  from  the  Haronian  and 
upper  Taoonio. 

The  genetic  history  of  crystalline 

rocks. 

Oamada,  Royal  Soo.,  Trans.,  roL 4, section 
lU.  pp.  7-37.    1887. 

An  examination  of  the  orenitio  "  hypothesis 
in  some  of  its  aspects  to  show  how  fsr  the 
eonoeption  of  a  single  consolidated  ieneoos 
mass  under  the  combined  action  of  heat  and 
water  may  be  made  to  explain  satisfactorily 
the  varioas  facta  in  the  history  of  the  Earth'e 
crystalline  crosL*'  Discusses  the  relations  of 
stratified  and  massive  crystalline  rocks ;  folia- 
tion ;  variations  and  sources  of  igneons  rocks ; 
texrare,  composition,  and  minerals  of  vein 
stones,  and  the  nature  of  the  crystalline  lime- 
stones of  eastern  Massachusetts  and  New 
York,  and  the  apatite-bearing  veins  of  Can- 
ada. 

The  Taconio  qnestion  restated. 

Am.  Naturalist,  voL  21,  pp.  114-125, 238-2B0. 
312-320.    1887. 

Reviewed  by  J.  D.  Dana,  Am.  Jonr.  Sci.«  3d 
sor.,  vol.  33.  pp.  i  12-419.    1887. 

Reviews  the  stages  of  opinion  which  have 
been  held  in  regard  to  the  "  Taconio"  and  re- 
lated formationn.  GallH  attention  to  Emmons's 
modified  views  in  regard  to  the  age  of  the 
•'  upper  Taconio."  Discusses  the  history, 
use,  and  application  of  the  term  "  Ta<!ocic," 
the  relations  of  the  pre-Potsdam  strata  in 
America,  and  the  significance  of  the  discov- 
eries of  Dana,  Dwight,  Ford,  Walcott,  and 
others,  In  the  Taconic-Hndson  River  region, 
and  Romingor  and  others  in  tlie  Lake  Superior 
region.  Defines  the  term  **  Taconian  "  as  ap- 
plied by  him,  and  considers  the  use  of  the 
word  "  Cambrian." 

[On    subdivisions,    nncon form i ties, 

cbaracteristics,  origin  of  some  members, 
nomenchitiiro  and  life  of  the  Arobeau, 
origin  of  serpentine,  classification  of 
erupt ives,  nomenclature  of  the  lower 
Talezoic  formations.] 

International  Congress  of  Geologists,  Am. 
Committee  Reports,  1888,  A,  pp.  C8-6n,  f  p. 

- —  On  crystalline  sbists. 

Nature,  vol.  38,  pp.  519-5^3.    1888. 


HUNT,  T.  Sterry— Continned. 

From  Lea  sohistaa  erystallins,  published  by 
the  International  Oeologioal  Congress  in  Lon- 
don.   1888. 

Includes  a  disensslon  of  the  subdivision  of 
the  pre-Cambrian  rocks  of  North  America, 
and  the  age,  extent,  characterlstioa,  and  rela- 
tions of  the  members  of  the  **  Taconian  *'  and 
Taconic 

HTATT,  Alphens. 

The  Taconic  at  Boston.     *^ 

Am.  Oeologiat,  voL  2,  p.  137,  (  p.    1888. 
Ou  the  nomenclature  proposed  by  WinoheU 
for  the  Cambrian  rocks. 

£volntion  of  the  faunas  of  the  lower 

Lias. 

Boston  Soc  Ifat  Hiat,  Proc,  vol.  24,  pp.  17- 
31.    1888. 

Includes  references  to  the  extent  and  rela- 
tione of  the  basins  in  which  the  lower  Lias  of 
Enrope  was  deposited,  and  the  equivalency  of 
some  of  its  members. 

Idaho,  [Caribon  Mountain,]  Vak  Dikst. 
Coeur  d'Alene  mines,  Clayton. 
deep  well  at  Nampa,  Wright. 
geology  of^  Thompson. 
graphitic  anthracite,  Jennbt. 
glacial  geology,  Chambrrlin. 
volcanic  dusts,  analysis,  Whitfikld, 
J.  E. 

IDDINGhS,  Joseph  P.  The  natnre  and 
origin  of  litbophysse,  and  the  lamina- 
tion of  acid  lavas. 

Am.  Jour.  Sci ,  3d  series,  vol.  33,  pp.  30-43. 
1887. 

Abstract  of  a  memoir  to  appear  in  the  Sev- 
enth Report  of  the  U.  8.  Geol.  Survey.  De- 
scribes Ike  mioro-strcture  and  litholoj^  of  the 
spherulites  and  lithoph.\  sie,  and  the  finely 
laminated  8tr-nctnre  of  the  rhyolite  of  Obsid- 
ian Cliff,  Yellowstone  Park;  and  discusses  the 
origin  of  these  struotafiil  phenomena. 

On  the  origin  of  primary  quartz  in 

basalt. 

Aau  Tour.  Sci. ,  vol.  36,  pp.  208-221.    1 888. 

Abstracts,  Am.  Naturalist,  voL  22,  p.  1021, 
I  p.  1888.  Am.  Geologist,  vol.  3,  p.  52,  ^g  P- 
1889. 

Petrojzrnphic  description  of  qnartz-bcarinff 
basalts  from  the  Tewan  Moantains,  Arizona ; 
references  to  other  similar  ocoarrenoes  in  Cali- 
fornia, Colnrailo,  and  Nevada,  and  discussion 
of  the  origin  of  the  qnartz,  and  the  conditions 
involved  in  the  solidification  of  eruptive 
masses. 


—  Obsidian  Cliff,  Yellowstone  National 
Park. 

U.  S.Geol.  Survey,  Seventh  Report,  J.  W. 
Powell,  1885-'86,  pp.  249-295,  pis.  9-18.    1888. 
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IDDING>S,  Joseph  P.— CoDtiDued. 

Abatracto,  Am.  Geologist,  vol.  4,  pp.  10^104. 

1889.  Am.  Naturalist,  vol.  24.  pp  70-71,  i  p. 

1890.  Am.  Jour.  Sci  ,  3d  series,  vol.  33,  pp.  30- 
45.    1887. 

Description  of  occiirrence,  litliolo^o  struct- 
ure, and  petroprupliic  characteristics ;  discus- 
sionof  tbeorigiu,  relation,  and  history  of  dbvel- 
opoient  of  the  various  structures  in  tho  obsid- 
ian, and  i*efercuces  to  literature  of  lithopbys», 
and  to  occurrences  of  obsidian  at  other  local- 
ties. 
On    the    cryHtallizatlon  of  igneoas 

rocks. 

Washington,  Phil.  Soc.,  Bull.,  vol.  11,  pp. 
6&-113.    1889. 

Abstracts,  Am.  Naturalist,  voL-23,  p.  718,  ]  p. 
1880,  voL  24,  pp.  360-361,  ^  p.    1800. 

Systematic  discussion  of  the  philosophy  of 
the  crystallization  of  igneous  rocks. 

Leacite  rook,  Wyoming.    See 

HAGUE,  Arnold. 

IHLSENG,  M.  C.    Review  of  the  mining 
interests  of  the  San  Jaan  region. 

Colorado  School  of  Minos,  Beport  of  field- 
work  and  amalyses,  1886,  pp.  10-63.  Map. 
1888. 

Includes  description  of  the  geology  of  the 
region,  and  discussion  of  geologic  history, 
and  of  the  ago  and  origin  of  the  mineral  de- 
posits. 

Report    on    oil    fields    of  Fremont 

County. 

Colorado  School  of  Mines,  Beport  of  field 
work  and  analyses,  1886,  pp.  67-SO,  pi.    1888. 
Includes  a  description  of  the  geology  of  the 
region,  with  a  sketch  of  its  geologic  history. 

Notes  on  Lemlville. 

Colorado  School  of  Mines,  Annual  Beport, 
18^,  pp.  29-45. 

Includes  a  brief  general  diaoussion  of  the 
geology  of  the  region. 

Illinois,    Carboniferous    echinodermata, 

KBYK8. 

coal,  ASIIBUKNER. 

''Dauntless*'  core    drill,   £no.   and 

Mining  Jour. 
driftlesA   area,  Chamberux,  T.  C. 

CiiAMBEKLiN  and  Salisbury. 
forest   bed    beneath    intra-morainal 

drift,  Leverett. 

fossil  fuels,  COMSTOCK. 

fulgt-rite    from    Whiteside    County, 

analysis,  Claukb,F.W. 
glacial   phenomena  in  northeastern 

Illinois,  Leverett. 
loess  and  clays,  analyses,  Riggs. 
lower  Silurian  sceptopora,  Uuaca. 
moraines,  Cuamberun,  T.  C. 


Illinois — Continued. 

Paleozoic  border  adjoining  Jackson 
purchase,  Kentucky,  Louguridge. 

Peoria  County,  Chapman. 

raised  beaches  of  Lake  Michigan, 
LEVERErr. 

types  of  Devonian  system  in  North 
America,  Williams,  H.  S. 
Indiana,  Benton,  Tippecanoe,  and  Wash- 
ington counties,  GoRBY. 

Brown  County,  Qorby  and  Lee. 

building  stones,  chalk  beds,  clays, 
glacial  deposits,  gas,  Thompson,  M. 

caves  and  cave  life,  Kingsluy. 

chipped  implement  in  drift  of  Jack- 
sou  County,  Cresson. 

Clinton  fossils,  Foersts. 

Clinton,  Marshall,  and  Starke  coun- 
ties, Thompson,  M. 

coals,  ASOBURNEK. 

compendium  of  geology,  Thompson, 
M. 

correlations  of  lower  Silurian, 
Ulrich. 

crinoids  from'^he  Niagara  at  St.  Paul, 
Beeohler. 

diameter  of  Silurian  island  about 
Cincinnati,  Dennis. 

erosion,  Scovill. 

glacial  phenomena  in  northern  Indi- 
ana, Lkvereit. 

Hancock  County,  Brown. 

Henry  and  adjoining  counties,  Phin- 

NKY. 

Keokuk    group    at    Crawfordsville, 

Bkechler. 
limestone   from   Bedford,    analysis, 

Clarke,  F.  W. 
Maxinkuckee,  Thompson  and  Leb. 
natural  gas,  Phinney. 
origin  of  loess,  Campbell. 
terminal  moraine  in  central  Indiana, 

Thompson,  M. 
Trenton  limestone,  Orton. 
types  of  Devonian  system  In  North 

America,  Williams,  H.  S. 
Wabash  arch,  Gorb  Y.  Thompson,  M. 

Indiana,  Department  of  Geology  and 
Natural  History,  Fifteenth  Report 
1886. 

Benton  County,  Gorby. 

Boone  County,  Gorby  and  Lee. 

Building  stones,  Thompson,  M. 

Chalk  beds,  Thompson,  M. 

Clays,  Thompson,  M. 
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iDdiana,  Depaztment  of  0«ology  and 
Natural  History,  Fifteenth  Report, 
1886— Continaed. 
CliDton  County,  Thompson,  W.  EL 
Compend  of  geology,  etc.,  Thomp- 
son, H. 
Glacial  depoftitc,  Thompson,  11. 
Hancock  Coonty,  Brown. 
Henry  and  paiti[of  adjacent  counties, 

Phinnkt. 
MarsbaU  Coan^,  Thompson,  W.  H. 
If  axinknckee,  Thompson,  W.  H.  and 

Lkk. 
Natural  gas,  Thompson,  11. 
Preface^  Thompson,  M. 
Starke  Coonty,  Thompson,  W.  H. 
Terminal  moraine,  Thompson,  M. 
Tippecanoe  County,  GobBT. 
Wabash  areh,  Gorbt. 
Washington  Connty,  Gorbt. 
Indian  Terxitoxy,  coal,  Ashburnkb. 
Trial ty  format! oo,  Hill,  R.  T. 

INOALIf,  E.  D.  [Preliminary  report  on 
mining  districts  in  the  Thunder  Bay 
region.] 

Canada,  GeoL  and  Vat.  Hist.  Snrrej,  B«- 
port,  1880,  part  A,  pp.  14-19.    1887. 

Incladea  a  brief  description  of  the  charac- 
teristics and  relations  of  the  Animikie  roeka. 

International  Congreaa  of  Gteologiata, 

American    Committee    Reports, 

1888. 

Seport  on  Arohean,  Frazbr.    Bbll. 

Blakb.    Dana.     Dawson,  Q.  M. 

Dawson,  J.  W.    Dutton.    Ebcer- 

soN.     Emmons,  8.  F.     Gilbert. 

Hagub.     Heilprin.    Hitchcock. 

Hunt.   Irving.  Lb  Contb.  Mao- 

Farlanb.    Powell.     Pumpelly. 

8  E  L  W  Y  N.       WaDSWORTH.       WIL- 
LIAMS, G.  H.      Winch  ELL,  A. 

WlNCHELL,  N.  H. 

Beport  on  lower  Paleozoic,  Win- 
ch ell,  N.  H.  Blakb.  Dana. 
Williams,  G.  H.  Dawson,  J.W. 
Dutton.  Embkson.  Emmons, 
8.  F.  Ford.  Hague.  Hall. 
Hitchcock.  Lb  Contb.  Mac- 
Farlane.  Newberry.  Selwyn 
Walcott.    Winch  kll,  A. 

Report  on  upper  Paleozoic  (De?onic\ 
WU.L1AMS,  H.  S. 

Report  on  upper  Paleozoic  (Carbouicy, 
Stevenson. 

Report  on  Meaozoic,  CoOK. 


International  CongieflB  d  Qeolosiati^ 
American    Committee    Report% 
1888— Continued. 
Mesozoic  realm,  CoPB. 
Beport  on  Cenozoic  (marine).  Smith, 
£.A«  Aldrich.  Daix.  Heilpicin. 
HiLOARD.  LbContk.  Nkwberry. 
Whitfibld,  B.  p.    Wixchbll,  A. 
Beport  on  Cenozoic  (interior),  Copb. 
Beport  on    Qnatemarj  and  recent, 
Hitchcock. 

dlNVILLIERS^  E.  y.  ThePttUbnr^h 
coal  region. 

PannsylTaiiUy  Q«oL  Barwmf,  Report  lor 
1886,  part  1,  pp^  1-37^  3  pla^  map  in  poeke^ 
1887. 

Inclddea  deaeripckma  of  the  atmotoral  and 
■tratigrapbSo  relationa  and  a  detaUed  acooant 
of  the  geoloj^o  featnrea  of  the  soothfreatera 
oonntiea  of  Pennaylvania.  Aeoompanied  by 
a  fidded,  caiared  gaalog^e  map. 

Geological  map  of  aooihweat  Penn- 
sylvania, giving  the  geological  oat- 
crops  and  tidal  elevations  as  a  basis  for 
estiujating  the  depths  to  the  oil  and  gas 
sands,  to  ilinstrate  Ifr.  Carll's  report 

on  the  oil  and  gas  regions 

scale,  2  miles  to  1  inch.    Jnne,  1887. 
PennsylTania,  Geol.  Surrey,  Annoal  Report 
for  1886,  part  2,  two  sheets  in  pocket.    I8CT. 

The  same  aa  the  sheet  in  part  1,  with  addi- 
tion of  oolnmnar  sectioas  and  notes  by  CarlL 

Beport  on  the  iron  mines  and  lime- 
stone quarries  of  the  Cnmberland- 
Lebanon  valley.    1886. 

PennsylTania,  OeoL  Snrrey,  Report  lor 
1886,  part  4,  pp.  1409-1567,  maiM,  sheets  7-11  in 
atlas.    1887. 

Description  of  straotnre  and  stratigraphy 
of  the  valley  region,  the  minea,  and  the  qoar- 
ries  of  limestone  and  of  HesoEoio  sandstone. 
Brief  discossion  of  the  stmoiore  in  the  Dills, 
burg  and  Hnmmelstown  regions,  and  relationa 
of  the  Newark  sandstone. 

and  McCREATH,  Andrew.     The 

New  Biver-Cripple  Creek  mineral 
region  of  Virginia,  pp.  171, 4  plates,  and 
map  in  pocket.    Harrisbnrg.   1887. 

Inclndes  a  description  of  the  stratigraphy, 
distribntion,  and  straotnre  of  the  several 
formations  in  sonthem  Wythe  and  Pulaski 
counties,  in  general  and  in  connection  with 
the  ore  deposits.  Describes  the  Draper 
Mountain  region  in  considerable  detail,  and 
discusses  and  figures  Its  complicated  stmo- 
tural  relations.  The  report  is  accompanied 
by  a  colored  geologic  map  on  wbioh  topog- 
raphy and  structure  ve  indicato4« 
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d'lNVILLnSRS   and   MoCREATH-- 

Continned. 
—  Comparison  of  southern  cokes  and 
iron  ores.    See  McCreath,  A.  S.  and. 

Mineral  resonrces  of  the  upper  Cum- 
berland valley.  See  McCreath,  A.  S. 
and. 

Iowa,    Carbonif eroufi    ech  inodermata, 
Kbyes. 
chert   of  upper   coal   measures    in 
Montgomery  County,  Am.  Geolo- 
gist. 

coal,  ASHBURNRR. 

continuance  of  Lake  Cheyenne, 
Todd. 

coal  measures  of  central  Iowa,  Keyks. 

Cretaceous  deposits,  White,  C.  A. 

Devonian  faunsB,  Wiluams,  H.  S. 

defense  of  local  geology,  Davenport, 
Barris. 

drift  and  loess  of  north-central  basin, 
Webster. 

driftless  area,  Chamberun  and 
Salisbury. 

fossils  from  coal  measures  at  Des 
Moines,  Ketes. 

fossils  from  Rockville  shales,  Web- 
ster. 

general  description  of  Devonian, 
Webster. 

geology  of  southeastern  Iowa,  Gor- 
don. 

geology  of  Johnsou  County,  Web- 
ster. 

glacial  flows,  Webster. 

hematite  in  Allamakee  County,  Orr. 

later  Cretaceous,  Am.  Geologist. 

loess,  Chamberlain,  T.  C.  Cham- 
BERLIN  and  Salisbury.    McGbe. 

loess  and  clays,  analyses,  Riggs. 

lower  Carbonic  gasteropa  from  Bur- 
lington, Keyes. 

Mesozoic,  Marcou. 

Missouri  River,  Broadhead. 

Muscatine  County,  Calvin. 

pockets  containing  clay  at  Clinton, 
Farnsworth. 

Rockford  shales,  Webster. 

superficial  deposits  of  northeastern 
Iowa,  McGbe. 

surface  geology  of  Burlington, 
Keyes. 

terraces  of  Mi99oari|  Topp, 


lomra — Continned. 

topographic   types  in   northeastern 

Iowa,  McGee. 
well  at  Davenport,  Tiffany. 
well  at  Keokuk,  Gordon. 
well  at  Washington,  Calvin. 

Iowa  State  University,  BuUetin,  voL  1. 
Geological    problem    in    Muscati^ie 
County,  Calvin. 

IRmiiAN,  William,  Jr.    Report  of  State 
Mineralogist. 

Oalifomia,  Sixth  Annaal  Beport  of  the 
Mineralogist,  part  2,  pp.  14-62.    1887. 

Kefrronoes  to  the  geologic  featarcs  in  tho 
vicinity  of  the  mines  In  Amador,  Butte,  Cal< 
avoraa,  £1  Dorado.  Fresno,  Kerada,  Sierra, 
and  Tuolamne  Coanties. 

Mineral  resources  of  the  States    Con- 
sidered by  counties. 

Oalifomia,  Eighth  Report  of  State  Miner- 
alogist, pp.  22-21*3,  324-335.  342-352,  402^504, 
512-516,528-643,052-678,690-601.     188a 

Contains  incidental  references  to  occarrence, 
relations,  and  stracture  of  metamorphio, 
granitic,  emptiv'e,  coal-bearing  and  other 
rocks  and  clays,  and  drifts  In  yarioos  localities. 

[ ]  Natural  and  artificial  cement. 

Oalifomia,  Eighth  Report  of  State  Miner 
alogist,  pp.  8C&-884.    1888. 

Inclndes  analyses  of  shell  lime  from  sonth- 
'western  California,  and  limestones  from  Santa 
Cms  and  a^oining  ooantiea. 

IRVING,  Roland  D.    Report  •••... 
Lake  Snperior  division. 

U.  S.  Greol.  Surrey,  6th  Beport,  J.  W.  Pow- 
eU,1884-'85,  pp.  40-48.    1886. 

Includes  an  accoont  of  observations  on  the 
Vermilion  Lake,  Animikie,  and  associated 
series. 

Origin  of  tbe  ferrnginons  schists  and 

iron  ores  of  the  Lake  Superior  region. 
Am.  Jour.  Sci.,  8d  series,  rol.  82,  pp.  255-272. 
1886. 

Abstract,  Fopolar  Science  Monthly,  voL  8S, 
p.  7.4, 1  col.    1888. 
Described  in  bibliography  for  1886. 

Is  there  a  Hurouian  group  f    [  Read 

to  National  Academy  of  Sciences,  April, 

1887.] 

Am.  Jonr.  Sci.,  3d  series,  vol.  84,  pp.  204- 
216,249-263.365-374.    1887. 

Abstract,  Am.  Q-eologist,  toL  1,  pp.  119-120. 
1888. 

Summarizes  the  evidence  indicative  of  the 
distinctness  of  the  Hnronian  as  a  gronp  oom- 
parable  with  Cambrian,  Silorian,  etc. ;  the  di- 
visibility of  the  rooks  of  the  ICarquette, 
Henomiae^  aad  ?<mok9e  b^lts  iato  two  mem* 
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IRVING,  Roland  D.— ContiuaeU. 

bens,  the  upper  of  which,  ana  also  the  Ani* 
mikie,  beiDg  of  Huroiiian  age.  Gives  an 
aoooont  of  recent  flehl  work  in  the  Huronian 
region  and  in  the  district  north  of  Lake  Su- 
perior, describing  the  nncrystalline  nature  of 
the  original  Uuronian  rocks,  and  outcrops 
exhibiting  the  relations  of  their  basal  con- 
glomerates to  the  underlying  schista  and 
granites.  Discusses  the  relations  of  the 
Huronian,  iron-bearing,  Animikie,  and  Kee- 
weenaw  rocks  and  their  structure,  origin,  and 
strati irraphy;  the  extent  of  the  Huronian  in 
America ;  the  uncertainty  of  age  of  some  so- 
called  Huronian  areas  in  Canada,  and  theuae 
of  the  term  "group.**  Proposes  the  use  of 
Chamberlin's  term  "  Agnotosoio  *'  for  the 
great  system  of  formations  between  the  Paleo- 
soic  (Cambrian)  and  Archean. 

L ]  [On  the  use  of  the  term   "Ta- 

conic.''] 

International  Oongresa  of  Q-eologists,  Am. 
Committee,  Reporu,  1888,  B,  p.  17,  i  line. 
Am.  Geologist,  vol.  2,  p.  207.    1888. 
Expression  of  opinion. 

[On  sabdivlsions,  nomenclaturei  ori- 


gin of  some  membersiand  characteristics 
of  Archean  rocks,  classification  of  emp- 
tives,  origin  of  serpentines,  and  use  of 
term  "Taconic."] 

International  Congress  of  Greologists,  Am. 
Committee,  Reports,  1888,  A,  pp.  61-63^ 

Report  —  Lake  Sui>erior  division  of 

geology. 

U.  S.  Oeol.  Surrey,  Serenth  Report,  J.W 
Powell,  1885-'86.  pp.  6a-76.    1888. 

In  r6Hum6  of  reiiults  refers  to  the  origin  of 
the  ferruginous  schists  and  their  iron  ores,  the 
divisibility  of  the  Archean,  the  origin  of 
chloritio  schista  exposed  at  the  falls  of  the 
Menominee  River,  and  the  origin  of  the  upper 
mica  schists  of  the  iron-bearing  series. 

On  the  classification  of  the  early 

Cambrian  and  pre-Cambrian  forma- 
tions. A  brief  discussion  of  principles, 
illustrated  by  examples  drawu  mainly 
from  the  Lake  Superior  region. 

U.  S.  Oeol.  Surrey,  Serenth  Report,  J.  W. 
Powell.  1886-  '86,  pp.  366-454,  pis.  30-51.    1888. 

Abstract^  Am.  Q-eologist,  vol.  4,  pp.  111-112, 
I  p.    1889. 

Paleontologio  and  lithologic  characteristics, 
and  unconformities  and  orerlapa  of  yarious 
kinds.  Discussion  of  geologic  relations  and 
equivalency  of  roclc  group  in  the  Lake  Super- 
ior region,  and  taxonomy  of  the  loirer  part  of 
the  geologic  column.  Accompanied  by  colored 
geologic  maps. 

IVES,  James  T.  B.    Qeology  in  the  pub- 
lic schools. 


IVES,  James  T.  B. — Continued. 

Canadian  Inst.,  Proc.,3d  series,  voL 6,  pp. 

125-128.     1887.     ' 

Describes  a  devioe  for  illustrating  the  aim- 
pier  geologic  relations. 

Iron  and  other  ores  in  Ontario. 

Canadian  Inst.,  Proc,  3d  series,  voL  5^  pp. 
185-192.     188& 

Includes  a  brief  discussion  of  the  horizon  of 
some  of  the  orea. 

[Remarks  on  ancient  shore-line  near 

Toronto.] 

Canadian  Inst.,  Froc.,  3d  aeriee^  voL  6,  pp. 
4-6,188& 

Remarks  on  the -observations  of  previous 
writers,  and  statement  in  regard  to  evidence 
of  terraces  near  Toronto. 

JACKSON.  A.  Wendell.  [Report  on 
some  California  bnilding  stones.  ] 

California,  Seventh  Report  of  the  State 
Mineralogist,  pp.  206-213.    1888. 

Macroscopic  and  microscopic  descriptions  of 
Santa  Susanna  sandstone,  Henley  saudatcme, 
Campo  Seco  tufa^  and  Coltou  marble. 

Building  stones. 

California,  Eighth  Report  of  State  Miner- 
alogiat,  pp.  885-894.    1888. 

Describes  petrography  of  Angel  Island 
sandstone,  Sespe  brownstone,  San  Jos6  saud- 
■tone,  Altamont  sandstone.  Penryn  granite, 
Bookl  in  granite,  and  Mount  Raymond  granite. 

JAMES,  Joseph  F.  Account  of  a  well 
drilled  for  oil  or  gas  at  Oxford,  Ohio, 
May  and  June,  1887. 

Cincinnati,  Soo.  Nat  Hiat.,  Jour.,  VoL  10, 
pp.  70-77.    1887. 

Abstract  geological  section  of  southwestern 
Ohio.     Am.  Assoc.  Adv.  Science,  Proc,  voL 

80.  p.  211.  i  p.    1888. 

Abstract  by  author,  Science,  vol.  9,  p.  623. 
1887. 

Besoription  of  1,365  feet  of  strata  passea 
through,  firom  the  Cincinnati  group  to  white 
arenaceous  limestones  thought  to  be  equiva- 
lent to  the  Calciferons  sandrock. 

The  geology  of  CincinnatL 

Cincinnati,  Soc.  Nat  Hist,  Jour.,  voL  9,  pp. 
20-21,136-141.    1886. 

Abstract,  "The  glacial  hike  and  island  of 
Cincinnati,"  Popular  Science  Monthly,  vol. 

81,  pp.  423-424. 

Abstract  of  paper  described  in  bibUography 
for  1886. 

An    ancient   channel   of  the    Ohio 

River  at  Cincinnati. 

Cincinnati,  Soc.  Nat  Hist,  Jour.,  voL  11, 
pp.  96-101.    1888. 

Abstract,  Am.  Assoc.  Adv.  Sci9n99|  Frpc., 
vol  37,  p.  196.    1889. 
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JAMES,  Joseph  F. — Contiaucd. 

DeecriptioD  of  drift-flUed  valleys,  marking 
part  of  the  ooarse  of  the  preglaoial  Ohio 
drainai^e. 

The  Ivorydale  well  in  Mill  Creek 

valley. 

Oincinnati,  Soo.  Nat.  HUt,  Joor.,  vol.  11, 
pp.  102-104.    1888. 

BeaoripUon  and  oolamnar  section.  Brief 
discusdion  of  bearing  of  some  of  the  beds  on 
glacial  history. 

Section  of     Maqaoketa    shales   in 

Iowa. 

Am.  Naturalist,  toL  23.  p.  810,  i  p.    1889. 

Abstract  of  paper  read  to  American  Asso- 
ciation, 1889.  The  abstract  consists  of  some 
brief  allosions  to  some  of  the  relations  of  the 
shales. 

—  The  geology  of  the  Montmorenci. 
A  correction  in  a  date. 

Am.  Q-eologist,  vol.  4,  p.  S87,  |  p.    1889. 

Supplies  correct  date  of  Emmons'  paper  of 
that  title,  and  calls  attention  to  another  paper 
by  Emmons  in  the  American  Magazine  on  the 
Hudson  Biver  rocks. 

Remarks  upon  sedimentation  in  the 

Cincinnati  group. 

Oincinnati,  Soc.  Nat.  Hist,  Jour.,  vol.  12, 
pp.  34-88.    1889. 

Calls  attention  to  evidence  of  the  presence 
of  beaches  at  several  horizons  in  the  Cincin- 
nati group. 

JAMESON,  £.  Geology  of  the  Leaven- 
worth prospect  well. 

Kansas  Aoad.  Sci.,  Trans.,  vol  11,  pp.37- 
88.    1889. 
Includes  record  of  2,110-foot  woIL 

JENNB7,  Walter  P.  Graphitic  anthra- 
cite in  the  Parker  mine,  Wood  River, 
Idaho. 

School  of  Mines  Qaartsrly,  vol.  10,  pp.  813- 
815.    1889. 

Description  of  geologic  relations,  and  dis- 
eussion  of  genesis. 

Notes  on  the  dry  lakes  of  southern 

Nevada  and  California,  with  relation 
to  the  loess. 

School  of  Mines  Qaartsrly,  voL  10,  pp.  810- 
318.    1889. 

Description  of  the  lakes ;  their  deposits  and 
history. 

TIaRMT',  Gnstav.  Reports  [south  cen- 
tral Texas]. 

Texas,  Oeol.  and  Mineralogical  Sarvey, 
First  Report,  1888,  pp.  01-64.     1880. 

Notes  on  cf^ologic  characteriatlcs  and 
economic  minerals  in  part  of  the  region  be- 
tween the  Knoces  and  Colorado  rivera. 

Bull.  76 7 


Johns  Hopkins  University  Circulars^ 
Nos.  59-70. 

Geologic  map  of  Baltimore  region, 
Williams,  G.  H. 

Progress  of  work  on  Archean  of  Mary- 
land, Williams,  G.  H. 

Massive  rocks  and  contact  phenom- 
ena of  "Cortlandt  series,''  Wil- 
liams, G.  H. 

Three  excnrsions  into  soothern  Mary- 
land, Clark,  W.  B. 

Rocks  near  Ilchester,  Howard  Coanty, 
Maryland,  Hobbs. 

Archean  geology  of   Missonri,    Ha* 

WORTH. 

Rocks  from  Fernando  Noronha,  Gill. 

Geology  of  Baltimore  region,  Wil- 
liams, G.  H. 

Cretaceous  in  Anne  Arnndel  and 
Prince  George  counties,  Maryland, 
Clark.  W.  B. 

Contributions  to  mineralogy  of  Mary- 
land, Williams,  G.  H. 

Methods  and  models  in  geographic 
teaching,  Davis,  W.  M. 

JOHNSON,  Lawrence  C.  The  strnctare 
of  Florida. 

Am.  Jonr.  Sol.,  3d  series,  toL  30,  pp.  230- 
286.    1888. 

Abstract,  "Notes  on  the  f^eology  of  Flor- 
ida," Am.  Assoc.  Adv.  Science,  Proc,  vol.30, 
pp.2ie-217,i  p.    1883. 

Section  from  SlAagostine  to  GalnesviUe. 
Description  of  Neocene  in  the  Gainesville 
highlands,  roferonco  to  rate  of  dip,  and  dis- 
OQsaion  of  relations,  extent,  and  equivalency 
of  tlie  upper  Eocene  members  in  the  Sink  re- 
gion. 

[On  the  equivalency  and  members  of 

the  White  limestone  formation  in  the 
gulf  Tertiary  region.] 

International  Oongress  of  Geologists,  Am. 
Oommittee  Reports,  1888,  F,p.7,8  lines. 
Am.  Geologist,  rol.  2,  p,  273-    1888. 

[On  the  occurrence  of  Oligocene  in 

Florida.] 

International  Oongress  of  Geologists,  Am. 
Oonunittee  Reports,  1888,  F,  pp.  10>11, 0  lines. 

Am.  Geologist,  vol.  2,  pp.  276-277.    1888. 

Reference  to  beds  of  supposed  Oligocene 
equiralenoy. 

Report.  The  iron  regions  of  north- 
ern Louisiana  and  eastern  Texas.  Fif- 
tieth Congress,  first  sesion,  H.  B.  Ex. 
Doc.  195, 54  pages;  map.    Washington, 

1888. 


98 


BECORD  OF   GEOLOGY  FOB  1887  TO  1889. 


(BUU.1^ 


JOHNSON,  Lawrence  C. — Continaed. 
BesciiptioD  of  the  Tertiary  and  ita  included 
iron  oreA,  the  Cretaceooa  "ialanda,**  and  the 
Quaternary,  and  dUcossioD  of  the  strati- 
grapbie  relatioas,  eqairalency,  and  extant  of 
the  membera  of  the  Tertiary. 

The  ''Grand  Gnlf"  formation  of  the 

Galf  Stated. 

Am.  Joor.  ScL,  3d  aeriea,  toLSS^  iq^.211- 
218.    18rj0. 

Reriew  of  opiniona  in  leicard  to  th%  fpeol- 
ojnc  position  of  the  formation,  and  deeorip- 
tion  of  a  section  along  the  Chickaaawha 
River  in  Mississippi  in  which  itareUtiona  and 
atratigraphy  are  exposed. 

—  On  Tertiary  and  Cretaceona  of  Ala- 
bama.   See  SMITH,  Eugene  A.,  and. 

JONES,  H.  L.  Geology  and  1  i  thology  of 
Michipicoton  Bay.  See  HERRICK, 
C.  L.,  TIGHT,  W.  G.,  and. 

J.  T.  W.  Note  on  the  geology  of  Halde- 
man  Coanty. 

Oeol.  and  ScL  BnlL,  vdL  1,  Jan.,  1888,  f 
eoL    40. 

Beferences  to  Cretaceous  and  Qaatemary 
formations. 

JULIEN,  Alexis  A.  On  the  geology  at 
Great  BarriDgton,  Massachnsette. 

Ifow  York  Acad.  Sci.,  Trana.,  roL  7,  pp.21- 
89.    1888. 

Beferenoes  to  the  general  stratigraphy  of 
the  Stock  bridge  limestone,  discosaion  of  the 
r«ilatious  at  Great  Barrington,  and  a  detailed 
description  of  an  overlying  dolfimitlo  series  in 
tbat  vicinity. 

Jura-Trias. 
Arkansas,  Trinity  formation,  Hill,  B.  T. 
Jura,  Neocomian,  and  chalk,  Mab- 

cou. 
Pike  County,  Branneb. 
California,  Bkcker.    Goodyeab.   Ibb- 

LAN.      WUITING. 

fossils,  Cooper. 

petrography,  Schusteb. 
Canada^  British  Columbia,   Bowman. 

Eo/oic  and  Paleozoic,  Dawson,  J.  W. 

gold-mini Dg  regions  of  Pacific  coast, 
Bowman. 

fossils  from  coast  of  British  Colum- 
bia, Whiteaves. 

invertebrate  fossils  froui  Pacific  coast, 
White,  C.  A. 

Mount  Stephen,  B.  C,  McConnell. 

northern  part  of  the  Dominion,  Daw- 
son, G.  M. 

northern  Vancouver  Island^  Dawson, 
G.  M. 


Jura-Trias — Continned* 

NoTa   Scotia,    Ayleafoid,    Kings 

Coanty,  Honkyman. 
Prinee  £dward  laland.  Bain. 
Yukon  expedition,  Dawson,  6.  M. 
Central  Awkeriea,  plants^  Newbbrby. 
Boeario  mine,  Honduras,  Leggett. 
CotoTodo^  Aspen  Moontain,  Brunton. 
Bowlder  Coanty,  Van  Dikst. 
DenTcr  region,  Eldridgb. 
field  for  original  work  in  the  Rock| 

Moantains,  Hills. 
geology   of  Colorado   oro   deposits^ 

Lakb& 
Leadville,  Emmons,  S.  F. 
Mesozoio  of  southern  Colorado,  Stx- 

VEXSON. 

northwestern  coal  region,  Hewitt. 

oil  fields  of  Fremont  County,  Ihlsbno. 

report  Rocky  Mountain  DiTision,  U. 
S.  Geological  Survey,  Emmons,  S.F. 

San  Juan  region,  Ihlseng. 

Trinidad  coal  region.  Lakes. 

mountain  npthrasts.  White,  C.  A. 
Connecticut,  topographic  development^ 
Davis,  W.  M. 

fishes  and  plants,  Newbbbby. 

Hanging  Hills,  Cuapin. 

intrusive  and  extrusive  traps,  Dayis, 
W.  M.,  and  Whittle. 

Little  Falls,  Davis,  C.  H.  S. 

Meriden  ash-beds,  Davis,  W.  M. 

Meridou,  faults  near,  Davis,  W.  M. 

structure  in  Connecticut  valley,  Da- 
vis, W.  M. 

trap  ridges,  Chapin.    Davis,  W.  M. 

traps  of  East  Haveii-Brantford  re- 
gion, HOVEY, 
DakotOy     Black     Hills,     Cabpbnter. 

Crosby. 
Indian    Territory,    Trinity    formation, 

Hill,  R.  T. 
Kansas,  ITay.    Hay  and  Thompson. 

paleontology  of  the  plains,  Cbagin. 

rock-salt.  Hay,  R. 

region  south  of  the  great  bend  of  the 
Arkansas,  Cragin. 

salt  of  Ellsworth  County,  Baily,  E. 
H.  S. 

Trias  of  Kansas,  Hay,  R. 
Massachusetts,  fishes  and  plants,  New- 
berry. 

Hampshire  County,  Emerson. 

intrusive  and  extrusive  traps,  Davis, 
W.M. 
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Jura- Trias— Conti  d  ued . 

stroctnre  of  trap  ridges  of  GoDoeoti- 
cut  valley,  Davis,  W.  M. 
MexicOf  Souora  coal-field,  Nkwbbrrt. 

valley  of  Mexico,  Chism. 

lower  Cretaceous,  White,  C.  A. 
Montana f  Gallatin  Range,  Haydeit. 
yew  Jeneyy  artesian  wells,  Cook. 

geologic  map.  Cook. 

red  sandstone  formation.  Cook.    Na- 

80N. 

fishes  and  plants,  Nkwbbrrt. 

mapof  vicinity  of  New  York,  Martin. 

topographic  map,  Davis,  W.  M. 

trap  sheets,  Darton. 
New  Mexico y  Mesozoic  of  northern,  Ste- 
venson. 

Mosozoic,  Mapcou. 

original    locality  of    Gryphaa    Pit- 
cher!.   Marcou. 

Zn&i  Plateau  and  Mount  Taylor,  DUT- 
ton. 
New  York,  eastern  limit  of  Trias  basin 
on  Staten  Island,  Newberrv. 

map  of  vicinity  of  New  York  city, 
Martin. 

Staten    Island    outcrops,    Britton. 

UOLUGK. 

Nomenclature  and  olaesifioaiion^  report  of 
subcommittee  on  Mesozoic,  Inter- 
national Congress  of  Geologists, 
Cook.  Cope. 
faunas  of  lower  Trias  of  Europe, 
Hyatt. 


Jura-Trias— -Continued. 

indebtedness  of  American  geologic 
science  to  Canada,  Dawson,  J.  W. 
interior  North  America,  Cope. 
Mesozoic  realm,  Cope. 
Newark  system,  Russell,  I.  C. 
North  Carolina^  coals,  Asbburner. 
coals,    analyses,    Clarke.    Whit- 
field, J.  £. 
decomposed  trap,  analysis,  Chataro. 
Penneylvania,  Cumberland  -Lebanon 
valley,  d'Invilliei-s. 
rivers  and  valleys,  Davis,  W.  M. 
Soaih  America,  Cerro  de  Pasco,  Pern, 
Hodges. 
Sergi  pe-Alago&s    region,    Brazil, 
Branner. 
Texas,  condition  of  knowledge  on  the 
geology  of  Texas,  Hill,  R.  T. 
lower  Cretaceous,  White,  C.  A. 
Mitchell  County,  Broadhead. 
south-central,  Jermt. 
Permian,  Hill,  R.T.    White,  C.  A. 
story  of  Colorado  River,  Hill,  R.  T. 
Trinity  formation.  Hill,  R.  T, 
western  Texas,  Hill,  R.  T. 
Virginiay  natural  coke  from  Midlothian, 
analysis,  Riggs. 
Chesterfield   County,  gas  and    coal, 

Russell,  I.  C. 
Richmond    coal    fields,     Clifford. 
Newell. 
Wyomingy  report  of  Territorial  Geolo- 
gist, Ricketts. 


K. 


Eanaas,  coal,  Ashburner.    Bailet,  £. 

H.S. 
coal  measures,  Wooster. 
coal  measures  of  Lyon  Coanty,KELBT. 
geology  of  Kansas.  Lecture,  Hay,  R. 
history  of  geologic  work  in  Kansas, 

Hay,  R.  and  Thompson. 
horizon  of  Dacotah  lignites.  Hay,  R. 
Leavenworth  well,  Jameson. 
limit  of  drift,  Wooster. 
Missouri  River,  Broadhead. 
moraines,  Chamberlin,  T.  C. 
natural  gas.  Hay,  R. 
nickel  ore,  Logan  County,  Dewey. 

Snow. 
note  on  remarkable  fossil.  Hay,  R. 
notes  on  southwestern  Kansas,   St. 

John. 


I — Continued, 
paleontology  of  the  plains,  Cragin. 
report  on  geology,  Hay,  R. 
region  south   of  great  bend   of  the 

Arkansas,  Cragin. 
salt  beds  in  Permian,  Broadhead. 
salt  deposits,  Cox.    Bailky,  E.  H.  S. 

Hay,  R. 
section  in  Wilson  County,  Hay,  R. 
Trias,  Hay,  R. 
volcanic  dasts,  Hicks. 
Kansas  Academy  of  Science,  Trans- 
actions, vol.  10. 
Section   in   Wilson    County,   Eans., 

Hay,  R. 
Report  on  geology.  Hay,  R. 
Coal    measures    of     Lyon    CoutLt^^ 

K&LLY, 
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Kansas  Academy  of  Scienoe-~Cont'd. 
Hifltorioal  sketch  of  geological  work 

in  Kansaa,  Bay  and  Thompson. 
Nataral  gas  in  eastern  Kansas,  Hay, 

B. 
Note  on  a  remarkable  fossil,  Hat,  H. 
Horizon  of  Dacotah  lignites,  Hay,  B. 
Salt  in  Ellsworth  County,  Kansas, 

Bailky,  E.  H.  S. 
Geology  of  Kansas,  Lectnre,  Hay,  B. 
Leavenworth  well  record,  Jameson. 
Triassic  rocks  of  Kansas,  Hay,  B. 
Composition  of  Kansas  coals,  Bailky, 
£.  H.  S. 
KEDZIE,  G.  E.  The  bedded  ore- deposits 
of    Bed     Mountain    mining    district, 
On  ray  County,  Colorado. 

Am.  Inst.  Mining  Engineers,  Trans.,  voL 
16,  pp.  570>581.     1888. 

Eng.  and  Mining  Joar.,  toI.46,  pp.  104-100. 
1888.   40. 

Includes  a  description  of  the  geologic  rela- 
tions of  the  andesites,  lower  Carbon iferoas, 
Arcbean  qiiartsiiea,  stmntare,  and  glaciation. 
Analyses  of  limestone  and  andesitSb 

KELIiT*,  D.  S.  Coal  measures  of  Lyon 
County. 

Kansas  Acad.  Sci.,  Trans.,  voL  10,  p.  45, }  p. 
1888. 

Keferenoe  to  recent  doTelopment  of  coal 
beds. 

[KEMP,  James  F.]  [Fossil  plants  and 
rock  specimens  from  Worcester,  Mas- 
sachusetts.] 

New  York  Acad.  Scl.,  Trans.,  toL  4,  pp.  75- 
78,  i  p.    1887. 

Discusses  the  relation  of  tiie  altered  Ctt^ 
bon iferoas  rocks  to  the  associated  crystalline 
schists. 

A  diorite  dike  at  Forest  of  Dean, 

Orange  County,  New  York. 

Am  Jonr.  Sci.,  8d  series,  voL  85,  pp.  831-332. 
1888. 

Abstract,  Am.  Naturalist,  vol.  22,  p.  733, }  p. 
1888. 

Occurrence,  dimensions,  petrography, 
analysis. 

On  the  Bosetown  extension  of  the 

Cortlandt  series. 

Am.'  Jour.  Sol. ,  3d  series,  toL  30,  pp.  247-258 
1888. 

Abstract,  Am.  Naturalist,  Tol.22,p.l020,| 
p.    1888. 

Description  of  occurrence,  petrography, 
and  composition  of  diorites,  and  reference  to 
the  relations  of  the  associated  metamorphio 
and  altered  rocks.  Discussion  of  hlstorj  and 
date  oi  intrusion  of  the  Cortlandt  seiiea. 


[KEMP,  James  F.] — Continued. 
The  dikes  of  the  Hudson  Biver  high- 
lands. 

Am.  Naturalist,  toL  22,  pp.  891-088,  pL  12. 
1888. 

Description  of  occurrence,  faults,  petrog- 
raphy, and  the  Ilttdson  River  section  of  the 
inclosing  rocks.  Discusssion  of  pctrogmphio 
cbaracteristioa,  age,  history,  date  of  mcta. 
morphitiui,  and  development  of  contact  litmi- 
nation  in  inclosing  rocks,  and  conditions 
under  which  the  dikes  were  intruded. 

The  geology  of  Manhattan  Island. 

New  York  Acad.  SoL,  Trans.,  voL  7,  pp.  48- 
04.  pL    1888. 

Deecription  of  drifts,  gneissic  rocks,  Ume> 
atones,  and  structural  relations.  Aocompaoied 
by  geologic  map  and  cross-sections. 

On    certain    porphyrite    bosses    in 

northwestern  New  Jersey. 

Am. Jour.  SoL,  8d  series,  toL  38,  pp.  130-134. 
1889. 

Abstract,  Am.  Naturalist,  toL  23,  p.  812,  |  p. 
1880. 

Description  of  occurrence  and  petrography 
of  several  small,  detached  areas  in  the  vicin- 
ity of  Beemersville. 

and  MARSTERSk  V.  F.  On  cer- 
tain caniptonite  dikes  near  Whitehall, 
Washington  County,  New  York. 

Am.  Q-eologist,  vol.  4,  pp.  07-102.    1889L 
Aba  tract,  Am.  Naturalist,  toL  23,  pp.  811- 
812,0  lines.     188U. 

Geologic  relations,  petrography,  and  compo- 
sition. 

[KENNISH,  .]    Artesian  well  at 

fit.  Augustine,  Florida. 

Am.  Jonr.  Sd.,  8d  series,  toL  84,  p.7Q,  |  p. 
1887. 
Statement  of  rocks  i>enetrated. 

Kentucky,    Oeological    Survey    Re- 
ports. 
Pound  Gap  region,  Crandall. 
Letcher,  Harlan,  Leslie,  Perry,  and 

Breathitt  connties,  Hodge. 
Lower  north  fork,  middle  and  south 

forks,  Kentucky  River,  Hodgs. 
Spencer  County,  Linney. 
Nelson  County,  Linnet. 
Garrard  County,  Linnkt. 
Jackson   purchase   region,    Lough- 

BIDGE. 

Kentucky  fossil  shells,  Devonian,  Si- 
lurian, Nettlerotu. 

Rocks  of  central  Kentucky,  Linney. 

Henry,  Shelby,  and  Oldham  counties, 
Linney. 

Bath  and  Fleming  counties,  Linnet. 
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Kentnoky,  O^logical  Survey  Re- 
ports— Contin  ned. 

Mason  County,  Linnet. 

Marion  County,  Knott. 
Kentucky,  caves  and  cave  life,  Kivas- 

LET. 

Clark  County,  Linnet. 

coal,  AsnBURNER. 

coal  and  iron,  PuoGTOR. 

correlation  of  lower  Silurian  in  the 

Ohio  valley,  Ulrich. 
earthquake  phenomena,  Freeman. 
Elliot  County,  Crandall.    Duller 

and  KuNZ. 
Garrard  County,  Linnet. 
geologic  survey  report,  Proctor. 
Jackson    purchase   region,    LouOH- 

RIDOE. 

Letcher,  Harlan,  Lesley,  Perry,  and 

Breathitt  oonnties,  Hodob. 
Lincoln  County,  Linnet. 
lower  north  fork,  middle  and  south 

forks,  Kentucky  River,  Hodge. 
Mason,  Bath,  Fleming,  Henry,  Shelby, 

and  Oldham  counties.  Linnet. 
Marion  Conuty,  Knott. 
Mercer  County,  Linnet. 
Montgomery  County,  Linnet". 
natural  gas,  Fischer. 
Nelson  County,  Linnet. 
new  horizons  of  oil  and  gas,  Orton. 
Oriskany  iron  ore.  Proctor. 
peridotite  of  Elliott  County,  Cran- 
dall.    DiLLER    and    KuNZ. 

Proctor. 
peridotite,  Elliott  County,  analyses, 

Chatard. 
petroleum,  Shaler. 
phosphate    of  lime    deposits,    Bath 

County,  Shaler. 
Pound  Gap  region,  Crandall. 
Spencer  County,  Linnet. 
subdivisions  of  formations  in  western 

Kentucky,  Proctor. 
terminal   moraine   near   Lonisyille, 

Brtson. 
types  of  Devonian  system  in  North 

America,  Williams,  H.  S. 
upper    Cumberland    valley,     Mc- 

Crbath  and  d'Invilliers. 
Washington  County,  Linnet. 
western  Kentucky,  coals  and  cokes, 

Allen. 

KETZSS,  Charles  B.  On  some  fossils 
from  the  lower  coal  measures  at  Dee 
Moines,  Iowa. 


KE7ES,  Charles  H.— Continued. 

Am.  Oeologist,  vol.  2,  pp.  23-28.    188& 
Isoludes    references   to  the  Btr»tifrraphy, 
tJiicknesB,  and  dip  of  the  series,  and  to  its  cor- 
relation with  a  portion  of  the  coal  measures 
of  eastern  Illinois. 

The  coal  measures  of  central  Iowa, 

and  particularly  of  the  Ticinity  of  Des 
Moines. 

Am.  Oeolog^st,  toI.  2,  pp.  896-404.    1888. 

Descripiion  of  section,  dip,  thickness,  and 
&nna  of  some  of  the  members,  and  discussion 
of  Uie  extent  and  relations  of  the  coal  beds. 
Mention  of  disoovery  of  soft  Cretaceous  sand- 
stone in  drift,  and  reference  to  other  similar 
ocoarrences. 
Surface  geology  of  Burlington,  Iowa. 

Am.  Natnralist,  vol.  22,  pp.  1049-1064,  pis. 
XZUI.  ZIY.    1888. 

Toposraphy,  distrlbntion,  noteworthy  ex- 
posures, relations,  and  history  of  glacial  drifts 
and  loess.  Topographic  map  and  cross-sec^ 
tions. 

On  the  fauna  of  the  lower  coal  meas- 
ures of  central  Iowa. 

Philadelphia,  Acad.  Sci.,  Proc.,  1888,  part 
2,  pp.  222-246. 

Preceded  by  a  geologic  description  of  the 
lower  Carboniferous  of  the  region. 

The  Carboniferous  eohinodermata  of 

the  Mississippi  basin. 

Am.  Jour.  Sci.,  3d  series,  toI.  88,  pp.  183-193. 
18H9. 

Abstract,  Am.  Naturalist.  yoL  24,  p.  767,  |p. 
1890. 

Incidentally  discusses  some  features  of  the 
Carbouiferons  history  of  the  region. 

Note  on  the  distribution  of  certain 

loess  fossils. 

Am.  Otologist,  Yol.  4,  pp.  110-121.    1889. 
Contains  reference  to  its  bearing  on  olimatlo 
condition  at  time  of  loess  deposition. 

Lower  Carbonic  gasteropoda   from 

*  Burlington,  Iowa. 

Philadelphia  Acad.  Sol.,  Proc,  1889,  pp. 
284-298.    1889. 

Paleontolo^o  descriptions,  preceded  by  a 
brief  reyiew  and  discussion  of  the  stratigraphy. 

KETES,  John  A.    The  falls  of  the  Mis- 
sissippi. 

Popular  Science  Monthly,  yoL  81,  pp.474- 
477.     1887. 

Describes  some  featni-es  of  the  geology  of  the 
region,  and  discusses  the  probable  former  po- 
sition and  extent  of  the  falls. 

KILLEBREW,  J.  B.    The  western  iron 
belt  of  Tennessee. 

Eng.  and  Mining  Jour.,  toL  45,  pp.  18-19. 
40.    1888. 
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JXt. 


,  J.  B. — Continued. 


Notes  on  tbe  coal-field  of  soathwest 

Virginia. 

Enff.  and  Mining  Jovr.,  toL  47,  pp.  64-45. 
40.     1889. 

Seferenco  to  altitades  and  snoeeaBkni  of 
some  of  the  coal  beds. 

KINAHAN,  6.  H.    Irish  Esker  drift. 

Am.  Jonr.  Sci.,  3d  aeriM,  voL  33,  pp.  276-278. 
1887. 

Seriew  of  H.  C.  Lewis  on  •Irish  Eakera. 
Poinds  ont  the  diftiioction  between  tme  KA- 
ere  and  certain  drift  ridses.  and  discnsaes 
•oroe  of  the  phenomena  of  drift  deposition. 

The  terraces  of  tbe  great  American 

lakes,  and  the  roads  of  Glenroy. 

Edinburgh  Geol.  Soo.,  Trana.,  vcd.  5^  pp. 
221-223.    1887. 

DiscnMes  the  natare  and  origin  of  the  lake 
terraces ;  their  relations  to  each  other,  to  ice 
dams  and  surface  deformation,  and  their  sim* 
llarity  to  tbe  "washouts"  of  the  Uilavial 
flaU  of  tbe  West. 

KING,  C.  Henry,  t^^iscovery  of  diato- 
maceous  earth  in  wells  at  Atlantic  City, 
New  Jersey.] 

New  York  Acad.  Sci.,  Trans.,  ToL8,p.l6, 
6  lines.     1889. 

loolades  statement  of  depth  and  snggestion 
in  regard  to  Its  eqaivalency  with  the  &ich* 
mond  beds. 

KlNGhSIiET',  J.  S.    Caves  and  cave  life. 

Am.  Naturalist,  roL  22,  pp.  1104- 1108.    1888. 

Suggestion  in  regard  to  the  age  and  history 
of  the  oaves  of  the  Indiana-Kentucky-Ten- 
nessee  region. 

KINLE7,  Isaac.  The  North  Amorioan 
lakes. 

Popular  Science  Monthly,  vol.  31,  pp.  833- 
83».    1887. 

Discussion  of  some  of  the  causes  of  forma- 
tion and  extinction  of  lake  basins,  and  the  in- 
fluence of  glacial  agencies. 


KKOTT,  W.  T.  Geological  sorrey  of 
Kentncky,  John  R.  Proctor,  Director. 
Beport  on  the  geology  of  Marion 
County,  43  pages,  map.    [18877] 

Deaerfption  of  beds  tnna  lower  Hudson  to 
upper  sub-Carbonireroua,  and  stmetnral  re- 
lations ;  list  of  fossils.  Aeoompanied  by  eol- 
ored  geologic  map,  and  section  of  Washington 
and  Marion  counties,  by  W.  M.  Linney  and 
W.  T.  Knott,  respectiyely. 

KNO^VTLTON,  F.  H.  The  fossil  wood 
and  lignites  of  the  Potomac  formation. 

Am.  Geologist  toL  3,  pp.  99-106.    1889. 

Abstract.  Am.  Assoc.  AdT.  Science,  Fxoo., 
ToL  37,  pp.  2(r6-20&    1880. 

Includes  brief  introductory  remarks  in  rer 
gard  to  the  age  of  the  formation,  and  mode  of 
occurrence  of  its  floral  remain.1. 

KOST,  J.  Florida  State  Geological  Sar- 
TAy,  31  pages.    Tallahassee,  I8d7. 

Abstract,  Science,  voL  9.  pp.  44^-447.    1887. 

Refen  to  the  stratigrapbic  range  of  the 
Tertiary  form^ion.  Announces  the  discov- 
ery of  a  medial  anticlinal  which  api>ear8 
to  have  been  uplifted  at  the  close  of  the 
Eocene.  Describes  the  general  features  of 
the  deposits  on  either  side  of  this  axis  atjd  of 
the  middle  and  western  partof  the  State.  Dis- 
cusses the  geologic  history  of  the  foi  mat  ions, 
the  origin  of  their  materials,  their  disturb- 
ances, and  evidence  of  recent  subsidence  in 
lower  Florida.  CalU  attention  to  deposits  of 
phosphate,  clays,  coal,  and  building  stones. 

KUKZ,  George  F.  Is  there  a  diamond 
aeld  in  Kentacy  f  See  DILIalSR,  J.  S., 
and. 

KWONa   YUNa   KWANQ.      The 

Kaiping  coal  mine,  North  China. 

Am.  Inst.  Minining  Engineers,  Trans., 
Tol.  18,  pp.  05-108.    1887. 
Brief  description  of  geologic  relations. 


L. 


Lackawanna  Institate  of  History  and 
Science,  Proc.,  vol.  3m 

Glaciation :  Lackawanna- Wyoming 
region,  Branner. 

Glacial  striie  in  Wyoming-Lacka- 
wanna region,  Brakner. 

LAFIiAMME,  J.  A.  K.  [On  the  lower 
Silurian  rocks  bordering  the  Laaren- 
tian  to  the  north  of  the  St.  Lawrence.] 

Canada,  Q-eoL  and  Nat  Hist  Surrey,  Re- 
port, 1886,  part  A,  pp.  36-38.    1887. 


LAFLAMME,  J.  A.  K.— Con  tinned. 

Beferences  to  boundaries,  qnarriea  of  Tren- 
ton limestone  at  St.  Albans,  and  religions  in 
the  vicinity  of  the  city  of  Quebec 

Note  snr  le  contact  des  formations 

pal^ozoiqaeset  arch6enes  de  la  province 
de  Quebec. 

Canada,  Boyal  Soo.,  Trass.,  TDL<aection 
r7,  pp.  43^7.    1687. 

Describes  localities  at  which  the  Trenton 
and  Utica  are  in  contact  with  the  Arahean, 
and  dlBoussea  the  eonditions  of  depoaltion, 
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LAFLAMME,  J.  A.  K. — Continued, 
and  relations  of  the  claatiea ;  the  characterise 
tics  and  ancient  enrfaoe  of  the  crystalline 
rocks,  and  the  atrncture  and  horizon  of  the 
Quebec  groap. 

Le  gaz  naturel  dans  la  proyince  de 

Qn^beo. 

Oamada,  Rofal  Soo.,  Trans.,  yoL  8,  section 
lY,  pp.  15-25.    1889. 

Conditions  and  horizons  of  occurrence,  and 
reoord  of  wells. 

LAKES,  A.    Geology  of  the  Aspen  min- 
ing region,  Pitkin  County,  Colorado. 

Oolorado  School  of  Mines,  Biennial  Re- 
port, 1886,  pp.  43-84,  pis. 

Structural  features,  stratigraphy,  geolog- 

>»ical  history,  occurrence  and  genesis  of  the 

ore  deposits,  and  general  geological  relations 

of  the  region ;  brief  reference  to  evidence  of 

glacial  action. 

The  Trinidad  coal  region  of  sonthem 

Colorado. 

Oolorado  School  of  Blinea,  Report  of  fleld- 
work  and  analyses,  1886,  pp.  83-102.    1888. 

Dc8cription  of  coal-beds  and  InclosSng 
strata,  geologic  relations  and  structure  of  the 
region,  general  section  of  strata  along  foot- 
hills of  the  Booky  Moontains,  and  dikes  in 
coal  series. 

The  coal-field  of  Crested  Butte,  Onn- 

nison  County,  Colorado. 

Colorado  School  of  Mines,  Report  of  fleld- 
work  and  analyses,  1886,  pp.  108-128, 2  plates. 
1888. 

Includes  a  description  of  the  geologic  rela- 
tions of  the  a^oining  region  and  of  the  aaso- 
oiated  volcanic  rocks. 

— —  Geology  of  Colorado  ore  deposits, 
cux  pages ;  plates.    Denver,  Colorado, 

1888. 

Also  in  Oolorado  School  of  Mines,  Annual 
Report,  1887,  pp.cliz,  pis. 

Inclades  a  general  sketch  of  the  geology  of 
Colorado ;  descriptions  and  discussions  ot  re- 
lations of  sediments  and  volcanics  in  various 
districts ;  sections  of  the  Rocky  Mountains  in 
Colorado;  discussion  of  the  origin,  history, 
and  relations  of  the  ores,  and  of  Newberry, 
Le  Conte,  and  Emmons  on  the  genesis  of  ore 
deposits,  and  extracts  f^om  Emmons's  de- 
scription of  the  Leadville  and  Aspen  regions. 

ZaANE,  Alfred  C.    The  geological  tourist 
in  Enrope. 

Popular  Science  Monthly,  voL  33,  pp.  216- 
228.    1888. 
References  to  certain  Interesting  localities. 

^—  The  geology  o^  Nah ant.    [  Abstract.  ] 

Boston  SoQ.  Vat  Hist,  Proc,  vol.  24,  pp. 
81-96.    1889. 


LANE,  Alfred  C.—Con tinned. 

Characteristios,  relations,  and  distribution 
of  the  various  crystalline  rocks.  Glaciation. 
Evidences  of  post-;;lacial  oscillations  of  sea- 
leveL 

ZiAHO,  Herbert,    Transcontinental  rail- 
roads. 

Solenoe,  vol.  11,  pp.  73-74.    1888. 

Review  of  opiniciS  in  regard  to  the  relative 
ages  of  the  Sierra  Nevada  and  the  Cascade 
Range;  description  of  the  structure  of  the 
Cascade  Range  in  the  Sant^am  River  region, 
and  the  relations  of  its  granites,  metamorphic 
slates,  supposed  Cretaceous,  old  and  new 
eruptives  and  Miocene,  and  sketch  of  the  ge- 
ologic history  of  the  range. 

LANGDON,  Daniel  W.,  jr.    Some  Flor- 
ida Miocene. 

Am.  Jour.  Sci.,  3d  series,  vd.  38,  pp.  322-324. 
1889. 

Announcement  of  the  discovery  of  a  new 
series  to  which  tho  term  Chattahoochee  Is  ap- 
plied. Brief  description  of  outcrops  and  re- 
lations, lists  of  fossils,  and  discussion  of 
equivalency. 

LAFWORTH,   Charles.      Fossils  from 
Kicking  Horse  Pass. 

Science,  vol.  9,  p.  320.    1887. 
Discusses  equivalency  of  the  lower  Silurian 
beds  in  which  they  occur. 

Preliminary  report  on  some  grapto- 

lites  from  the  lower  Paleozoic  rocks  on 
the  soath  side  of  the  St.  Lawrence  from 
Cape  Rosier  to  Tart i go  River,  from  the 
north  shore  of  the  Island  of  Orleans, 
one  mile  above  Cap  Rouge,  and  from 
the  Cove  Fields,  Quebec. 

Canada,  Royal  Soc,  Trans.,  voL 4, section 
IV,  pp.  167-184.    1887. 

Considers  the  equivalency  of  the  graptolite- 
bearing  beds  with  English  zones  from  middle 
Ordovician  down.  Beviews  the  evidence  in 
regard  to  the  horizon  of  the  Korman's  Kill 
beds  near  Albany,  New  York.  Gives  a  r6- 
sum6  of  the  supposed  stratigraphic  relations 
of  the  strata  of  the  south  side  of  the  St  Law- 
rence from  Cape  6asp6  to  Tartigo  River,  and 
discusses  their  equivalency,  extension,  and 
stmcture. 

Note  on  graptolites  from  Dease  Ri  ver, 

British  Columbia. 

Canadian  Reoord  of  Sci.,  vol  3,  pp.  141-142. 
1888. 

Oeol.  Magazine,  8d  decade,  vol.  6,  pp.  30- 
81.    1889. 

ITotice  of  occurrence  and  brief  reference  to 
the  equivalency  of  the  containing  beds. 

LARSSON,  Per.  The  Chapin  iron  mine. 
Lake  Snperiot. 
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LARSSON,  Per— Con  tinned. 

Am.  Inst.  Mining  EngineOTs,  Trans. ,  roL 
18,  pp.  11^128;  plate.    1887. 

Bug.  and  IftiningJonr.,  toL44.  pp.  846;  847, 
804-305.    1887. 

Brief  description.  Map.  and  McUona  ahow- 
Idj(  fceologio  relations  in  its  vicinity. 

LAVAGNINO,  G.    The  Old  Telegraph 

mine,  Utah. 

Am.  Inst.  Mining  Encineers,  Trana.,  toL 
18,  pp.  25-83.    1887. 

Briefly  describee  the  porphyry,  and  ita  rdap 
lions  to  the  aaaodated  Weber  qnartsitea. 

ZiAWSON,  Andrew  C.  Geology  of  the 
Rainy  Lake  region,  with  remarks  on 
the  classification  of  the  crystalline 
rocks  west  of  Lake  Superior.  Prelimi- 
nary note. 

Am.  Jonr.  SoL,  8d  aeriea,  vcH  88,  pp.  478^480. 
1887. 

Sobdividea  the  rooks  Into  fire  seriea ;  an  in- 
tmaiTe  group  proTisionally  termed  Lauren- 
tian ;  the  Contohiching,  overlain  eonformably 
and  overlapped  by  the  very  different  Kewa- 
tin,  together  with  which  it  is  penetrated  by 
"Hnrouian**  granites,  diabaMes,  and  gabbros, 
and  nnconformably  overlain  by  the  Keweena- 
"(Nipogon)." 


—  Some  recent  developments  in  Ar- 
chean  geology,  particniarly  in  the 
Lake  Snperior  region,  as  tend  to  mod- 
ify commonly  accepted  notions  of  rock 
metamorphism. 

Canadian  Becord  of  Science,  vol.  2,  pp.  430- 
431.    1887. 

Brief  abstract  of  paper  reail  at  sixth  meet* 
ing  of  the  Boyal  Society  of  Canada.  Dis- 
onsses  the  application  of  thntorm  "metamor- 
phism ;"  tiie  correlation  of  the  Haronian  and 
Animikie  and  its  equivalents,  on  the  south 
shore  of  Lake  Superior,  their  unconformity  to 
the  older  rocks,  and  the  separation  of  Hnro- 
nlan  from  the  Arcbean. 

—  [Preliminary  report  on  the  region 
east  of  the  Lake  of  the  Woods.  ] 

£lanada,  Geol.  and  Nat.  Hist.  Snrvey,  Be- 
port,  1886,  part  A,  pp.  11-14.    1887. 

Includes  a  discussion  of  the  relations  of  the 
several  series  of  crystalline  rocks. 

—  The  diabase  dikes  of  Rainy  Lake. 

Canadian  Inst.,  Proc,  3d  series,  vol.  6,  pp. 
173-185.    1888. 

Am.  Geologist,  vol.  1,  pp.  100-211.    1888. 

Abstract,  Am.  Naturalist,  vol.  22,  pp,  848- 
340.)  p.    1888. 

Petrographic  description  of  several  dikes ; 
mineralogic,  structural,  and  textural  varia- 
tions from  center  to  sides,  age,  history,  and 
roiatiooB  t4>  enclosing  rocka. 


IjAWSON,  Andrew  C. — Continned. 
— ^  Foliation  and  sedimentation.    A  re- 
ply to  Pr-^f.  Alexander  Winchell. 

Am.  Geologist,  vol.  3,  pp.  160-178.    1888. 

Discnssca  evidence  of  igneous  nature,  and 
history  of  foliation  of  some  of  the  crystalline 
locka  of  the  Northwest. 

Foliation  and  sedimentation. 

Am.  Geologist,  vol.  8,  pp.  27a-279.    1889. 

Definition  of  his  views  in  regard  to  the  his- 
tory and  relations  of  the  Arcbean  rocks  of 
the  Northwest  and  discussion  of  the  nature  of 
the  so-called  conglomerates  in  the  fpieisses. 

Scapolite  bearing  rocks  of  Canada, 

etc.     See  ADAMS,  Frank  D.,  and.     . 

LE  CONTE,  Joseph.  The  flora  of  the 
coast  islands  of  California  in  relation 
to  recent  changes  of  physical  geog- 
raphy. 

Am.  Jonr.  Scl.,  8d  series,  vol.  34,  pp.  457- 
480.    1887. 

Califbmia  Acad.  Sci.,  Bull.,  vol.  2,  pp.51S- 
S20.    1887. 

Am.  Geologist,  vol.  1,  pp.  76-81.    18S8. 

Abstract,  Nature,  voL  87,  p.  358,  9  lines 
1887. 

A  discussion  of  the  post^ Tertiary  physical 
changes  of  the  coast  region  of  Califoraia  as 
indicated  by  the  flora  and  fauna  of  the  out- 
lying islands. 

[Nomenclature,  subdivision,  charac- 
teristics, classification  of  emptives,  ori- 
gin of  some  members,  and  evidences  of 
life  of  the  Archean,  and  on  the  nomen- 
clature of  the  lower  Paleozoic] 

International  Congress  of  Geologists,  Am. 
Committee,  Reporta,  1888,  A,  pp.  55-^7. 

[On  the  use  of  the  term  "Taconic."] 

International  Congress  of  Geologists,  Am. 
Committee,  Reports,  1888,  B,  p.  17,  3  lines. 
Am.  Geologist,  vol.  2,  p.  207.    1888. 

[On  nomenclature  of  Cenozoic  fonna- 

tions.] 

International  Congress  of  Geologists,  Am. 
Committee,  Reports,  1888,  F,  pp.  17-lH,  }  p. 

Am.  Geologists,  vol.  2,  pp.  283-384.    188S. 

Discussion  of  a  designation  for  the  present 
time,  reference  to  the  nomenclature  of  the 
Tertiary,  and  the  position  of  Cenozoic  uncon- 
formity in  California. 

On  the  origin  of  normal  faults  and 

of  the  structure  of  the  basin  region. 

Am.  Jour.  Sci.,  3d  seriea,  vol.  88,  ppw  257- 
263.    1880. 

Abstract.  Nature,  vol.  40,  pp.  46-47, 16  lines. 
1889. 

Discussion  of  the  origin  and  mechanism  of 
i%.TxV\A^««^efQiallY  of  the  olaaa  to  which  "Grest 
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LE  CONTEp  Joseph— Coutinned. 

BaBin"  structure  is  dae,  and  of  the  age  and 
history  of  those  in  the  Sierra  Ifevada  and 
Great  Basin. 

LEE,  S.  £.  Geology  of  Boone  Connty. 
See  GhORLET,  S.  S.,  and. 

Muxinknchee.    15ee  THOMPSON, 

W.  H.,  and. 

LEOOETT,  Thomas  H.  Notes  on  the 
Rosarlo  mine  at  San  Jaanclto,  Hondu- 
ras, Central  America. 

Axa.  Inst.  Mining  Engineenii  Trans.,  toI, 
17,  pp.  432-449.    1889. 

Includes  a  description  of  the  geologic  fea^ 
tores  of  the  region  and  a  discassion  of  the  orl* 
gin  of  its  ores. 

ZaEIBERO,  John  B.  Some  notes  upon 
the  more  recent  fossil  flora  of  North 
Dakota  and  an  inqniry,into  the  causes 
that  have  led  to  the  development  of 
the  treeless  areas  of  the  Northwest. 

Minnefota,  Acad.  ScL,  Boll.,  vol. 8,  part  1, 
pp.  145-161.    1889. 

Discusses  evidence  of  Tarfoos  kinds  indi- 
cating continuous  slow  elcTation  of  the  conn- 
try. 

LE8LET,  J.  P.  A  dictionary  of  the  fos- 
sils of  Pennsylvania  and  neighboring 
States  named  in  the  reports  and  cata- 
logues of  the  Survey.  Pennsylvania 
Geol.  Survey  Report,  P4,  pages  xiv, 
43d,  xzxl.    Harrisburg.    1889. 

Contains  incidental  references  to  geologic 
formations  in  wliioh  some  of  the  species  occur. 

Revision  and  correction  of  the  semi- 
bituminous  coal  section  at  Wellersburg 
in  Somerset  County,  Pennsylvania. 

Pennsylyanitfi  Greol.  Surrey,  Atlas  to  Be- 
ports,  H  U  and  H  H  H,  pp.  348-360.    1889. 

An  account  of  the  components  and  relations 
of  the  coal  measures  at  that  locality. 

LESQUEREUX,  Leo.  On  the  character 
and  distribution  of  Paleozoic  plants. 

Pennsylvania,  Q-eol.  Survey  Beport  for  1886, 
part  1,  pp.  457-522.    1887. 

Includes  a  discussion  of  geologic  distribn- 
tion  of  floral  remains,  the  genesis  of  coal,  the 
evidence  afforded  by  paleobotany  of  the  condi 
tions  of  deposition  of  some  of  the  formations, 
and  the  equivalency  of  different  members  and 
portions  of  the  lower  Carboniferous  of  the 
United  States. 

Prof.  L.  F.  Ward's  synopsis  of  the 

flora  of  the  Laramie  group. 

Am.  Jour.  Sci.,  3d  series,  voL  34,  pp.  487- 
488.    1887. 

Review  of  some  stratigraphic  relations  of 
the  Laramie  flora. 


ZiESQUEREUS:,  Leo ~  Continued. 

fossil  plants  collected   at  -  Golden, 

Colorado. 

Earv.,  Mns.  Oomp.  Zo61.,  Bull., voL  18,  pp. 
43-59.    No.  3.    1888. 

In  summary,  pp.  57-59,  discusses  strati- 
graphic  position  of  the  plants,  and  floral  rela* 
tlons  of  Fort  Union  and  Laramie  groups. 

—  Fossil  plants  of  the  coal  measures  of 
Rhode  Island. 

Am.  Jonr.  Sci. ,  3d  series,  vol.  87,  pp.  22(^230. 
1889. 

List  of  species  and  statement  of  opinion  In 
regard  to  their  age. 

LEVERETT,  Frank.  Glacial  phenom- 
ena of  northern  Indiana  and  northeast- 
ern Illinois. 

Am.  Naturalist,  vol.  23,  p.  808, 1  p.    1889. 

Nature,  vol.  40,  pp.  557-558,^001.    1880. 

Abstract  of  paper  read  to  American  Asso- 
ciation.   1889. 
An  account  of  morainea. 

On  the  occurrence  of  the  "  forest » 

bed"  beneath  intra-morainic  drift. 
[Abstract.  J 

Am.  Assoc.  Adv.  Science,  Proc,  voL  37,  pp. 
183-184, 1  p.    1889. 

Account  of  its  geographic  and  stratigraphic 
distribution  in  northeastern  Illinois. 

Baised  beaches  of  Lake  Michigan. 

Wisconsin  Acad.  Sci.,  Trans.,  vol.  7,  pp. 
177-192.    1889. 

Description  of  their  physiography  and  de* 
posits,  with  incidf  ntal  suggestions  in  regard 
to  some  detAils  of  Ibeir  history. 

LE'WIS,  £lias,  jr.  Woodham  artesian 
well,  on  Long  Island,  2  miles  east  of 
East  New  York,  on  the  line  of  the 
Long  Island  Railroad. 

Am.  Jonr.  Sci.,  3d  series,  voL  37,  p.  233,  i  p. 
1889. 

Five  hundred  and  seventy-seven  feet 
through  drift  to  gneiss. 

LEWIS,  U.  Carvill.  Comparative  stud- 
ies upon  the  glaciation  of  North  Amer- 
ica, Great  Britain,  and  Ireland. 

ISept.  Fifty-sixth  Meeting,  British  Assoc. 
Adv.  Sci.,  1886,  pp.  632-635.     1887. 

Qeol.  Magazine,  3d  decade,  voL  4,  pp.  28-32. 
1887. 

Described  in  Uie  bibliography  for  1886. 

On  some  important  extra-morainal 

lakes  in  central  England,  North  Amer- 
ica, and  elsewhere  during  the  period  of 
maximum  glaciation,  and  on  the  origin 
of  extra-morainal  bowlder-clays^ 
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IiEVTlS,  H.  Carrill— Continaed. 

Qeol.  Magazine,  3d  decade,  toL  4,  pp.  515- 
617.    1887. 

British  Aaioc.  Adr.  Sciencei  Proo.,  Report, 
1887,  pp.  602-603.    1888. 

Pointa  out  the  relations  of  extra-moralnic 
clay  deposits  in  America  and  in  general,  and 
diacossea  the  location  and  extent  of  extra- 
morainal  lakes  indicated  by  deposits  of  bowl- 
der-clay  in  England,  and  the  nature  of  the 
glaciaiion  of  England. 

—  [Remarks  on  P.  H.  UL lex's  paper  on 
the  Albirnpean  formation  in  eastern 
Maryland.] 

Am.  Phil.  Soc. ,  Proo. ,  vol.  25^  pp.  5»-5A.  Ko. 
127.    1888. 

Objections  to  the  term  "Albirnpean,"  and 
sngj;estioB  that  its  sandstone  members  are  in 
part  Paleosoio. 

LINDAHL,  Joshua.  Dr.  N.  O.  Hoist's 
stndies  in  glacial  geology. 

Am.  Vatnralist,  vol.  22,  pp.  680-^98,  70^-713. 
1888. 

Condensed  translation  of  "Om  de  glaciala 
mllstens&same,"  and  "  Bei-Sttelse  om  en  i  geo- 
logiskt  syfte  foretagen  resa  till  Qronland." 

IiINDGREN,  Waldemar.  The  silver 
mines  of  Calico,  California. 

Am.  Inst.  Mining  Engineers,  Trans.,  vol. 
1^  pp.  717-734,  plate.    1887. 

Description  and  sectious  of  the  region,  and 
discussion  of  the  lithologic,  stratigraphio, 
and  stractaral  features  of  the  "Tertiary" 
saDdstoneSftufir  deposits,  "liparite,"  andande- 
site,  and  their  relations  to  the  ore  deposits. 

^—  Notes  on  the  geology  of  Baja,  Cali- 
fornia, Mexico. 

California  Acad.  Sol.,  Proc,  2d  series,  vol. 
1,  pp.  173-196,  pis.  1-5.    1880. 

Description  of  Pleistocene,  Tertiary,  Creta- 
ceous, emptires,  basal  granites,  and  struc- 
tural features.  Illnstrated  by  plates  of  cross- 
sections  and  colored  geologic  map. 

lalNNBT,  W.  M.  Report  on  the  geology 
of  Clark  County. 

Eentncky*  CSeoL  Snnrey,  John  B.  Proctor, 
Director,  Report  on  the  Qeoiogy  of  Clark 
and  Montgomery  Conntiek,  pp.  l-i3.  Hap. 
[1887T] 

Description  of  stratigraphy  of  beds  from 
Chazy  limestone  to  lower  coal  measures.  Ac- 
companied by  a  colored  geologic  map  with 
cross-section. 

Geological  Survey  of  Kentucky,  John 

K.  Proctor,  Director.  Reports  on  the 
geology  of  Bath  [and  Fleming  coun- 
ties], 86  pages.    Map.     [Datet] 

Description  of  formations  ft'om  Carbonifer- 
ou  toOrdivlcian;  cousidors  silicifl  cation  and 


LINNET,  W.  M.— Continued. 

alteration  in  texture  in  some  of  the  lime- 
stones ;  gives  an  account  of  the  flexures  ot 
the  region.  Illustrated  by  a  colored  geologic 
map. 

Geological  Survey  of  Kentucky,  John 

R.  Prootor,  Director.  Report  on  the 
geology  of  Garrard  County,  pp.  31. 
Map.    [1888?] 

Description  of  beds  fhnn  Chacy  limestone 
to  upper  sub-Carboniferous.  List  of  fossils. 
Accompanied  by  a  colored  geologic  map. 

Geological  survey  of  Kentucky,  John 

R.  Proctor,  Director.    Reports  on  the 

geology  of  Henry,  Shelby,  and  Oldham 

counties,  70  pages.    Map.    [Bate  T] 

Descriptions  of  formations  from  Ordovician 
to  Devonian,  alluvial  terraces,  and  disturb- 
ances.   Illustrated  by  colored  geologic  map. 

^-^-  Geological  Surveyof  Kentucky,  John 
R.  Proctor,  Director.  Report  on  the 
geology  of  Lincoln  County,  37  pages. 
Map.    [1867  f] 

Description  of  beds  from  Trenton  limMtone 
tosub-CarbonifeiooSi  and  stmctnralrelaliona 
Accompanied  by  a  colored  geologic  map. 

Geological  Survey  of  Kentucky,  John 

R.  Prootor,  Director.  Report  of  the 
geology  of  Mason  County,  31  pages. 
Map.    [Date?] 

Description  of  formations  from  Niagara  to 
lower  Hudson,  and  alluvial.  List  of  fossils. 
Illnstrated  by  colored  geologic  map. 

Geological  Survey  of  Kentucky,  John 

R.  Proctor,  Director.     Report  on  the 

geology  of  Mercer  County,  29  pages. 

Map.     [1887  T] 

Description  of  beds  from  Chasy  limestone  to 
sub-Carboniferous.  Brief  references  to  flex- 
ures. Aooompauied  by  a  colored  geologic 
map. 

—  Report  on  the  geology  of  Montgomery 
County. 

Kentucky,  Geol.  Surrey,  John  R.  Proctor, 
Director,  Report  on  the  Geology  of  Clark  and 
Montgomery  Counties,  pp.  45-75.  Map. 
[18871] 

Description  of  stratigraphy  of  beds  from 
Trenton  limestone  to  lower  coal  mea4urf^8  and 
of  structural  relation  and  fault  in  Clark  aud 
Montgomery  counties.  Discussion  of  condi- 
tions under  which  some  of  the  foimations 
were  deposited,  eyidence  of  erosional  uncon- 
formities between  some  of  the  beds,  and  the 
extent  and  relations  of  the  fault 

— —  Report  ')n  the  geology  of  Nelson 
County, 
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LINNETt  W.  M.— Continaed. 

EentQckj,  Gtool.  Surrey,  lohn  R.  Proctor, 
Director,  Report  on  Spencer  and  ITelaoa 
Counties,  pp.  21-58.    Map.    [1888  f  ] 

Description  of  beds  from  lower  Hndeon  to 
api>er  8Rb>Carboniferouft.  Reference  to  posi- 
tion and  relations  of  uplift.  Aocompanied  by 
a  colored  jseologic  map. 

Report  on  the  geolof^y  of  Spencer 

Connty. 

Kentucky,  Geol.  Surrey,  John  R.  Proctor, 
Directpr,  Report  on  Spencer  and  Nelson 
Oounties,  pp.  1-10.    Map.    [1888  ?J 

Description  of  beds  of  the  Hudson  Rirer 
group,  accompanied  by  a  colored  geologic 
map. 

Geological  Survey  of  Kentucky,  John 

R.  Proctor,  Director.  Report  on  the  Ge- 
ology of  WashiDgton  CoDuty,  24  pages. 
Map.     [1887  f  ] 

Description  of  Nla^ra  and  Trenton  beds. 
Reference  to  structure  and  its  relation  to 
drainage.  List  of  fossils.  Accompanied  by 
colored  geologic  map  and  section  of  Washing* 
ton  and  Marion  counties  by  W.  M.  Llnney 
and  W.  T.  Knott,  respectively. 

Geological  Survey  of  Keutncky,  John 

R.  Proctor,  Director.  Notes  on  the 
rocks  of  central  Kentucky,  with  list  of 
fossils,  19  pages.     [Date  T] 

Reriew  of  stratigraphy  of  the  Ordovlcian.  Si- 
lurian, and  Devonian  formations  and  account 
of  the  flexuv'es  of  the  region.  Incidentally 
considers  equivalency  of  some  of  the  Silurian 
and  Ordovician  members. 

Liverpool     Gtoologioal     Association, 
Journal,  vol.  8. 
Arctic  current  and  floating  ice  as  fac- 
tors  in    Canadian   geology,  Gas- 
kino. 

laOCKINaTON,  W.  N.    The  neighbor- 
hood  of  Seville. 

Am.  Vataralist,  voL  23,  pp.  185-166,  f  p. 
(February,  1880.) 
Slieteh  of  its  geology. 

LORD,  N.  W.    Natural   and   artificial 
cements. 

Ohio,  Geol.  Surrey,  Beport,  voL  6,  Econo- 
mic Geology,  pp.  671-695.    1888. 

Includes  reference  to  beds  of  hydranllc 
limestone,  analyses  of  certain  limestones, 
and  an  analysis  of  blaok  shales  from  Colam- 
bus. 


LOUGHRIDGE,  jR.  H.  Geological  Sur- 
vey of  Kentucky,  John  R.  Proctor,  Di- 
rector. Report  on  the  geological  and 
economic  features  of  the  Jackson  pur- 
chase region,  embracing  the  counties 
of  Ballard,  Calloway,  Fultou,  Graves, 
Hickman,  MoCracken,  and  Marshall, 
357  pages.  Plates.  3  maps  in  pocket. 
1888. 

Abstract  [in  regard  to  fault],  Am.  Jour. 
Sol.,  3d  series.  voU  37,  p.  232, 11  lines.    1880. 

Includes  descriptions  of  forhiations  from 
Cretaceous  to  recent  and  sub-Carboniferous 
and  of  tlie  deep  well  and  fault  at  Paducah. 
Discussion  of  equivalency,  correlation,  origin, 
extent,  and  relations  of  some  of  the  forma- 
tions and  geologic  history  of  the  region  at 
various  stages.  Analyses.  Keffrenco  to  rela- 
tions and  extent  of  Paleozoic  border  rocks  in 
Missouri,  Illinois,  and  Kentucky;  agricul< 
tural  features,  distribution,  composition,  and 
characteristics  of  soils  and  clays.  Descrip- 
tions of  geology  by  counties.  Accompanied 
by  colored  geologic  map,  map  showing  thick- 
ness of  gravels,  and  a  soil  map. 

Louisiana,  iron  ores,  analyses,  Riqgs. 
iron  regions,  Johnson. 
Petite    Anse    salt,    Bolton.    Cox. 

Pome  ROY. 
relations  of  Grand  Gulf  series,  HiL- 

GARD. 

Tertiary,  Hkilprin.    Hilgard. 
L0VEJ07,    Ellis.     The    Pomeroy    and 
Federal  Creek  coal-field. 

Ohio,  Geol.  Snnrey,  Report,  vol.  6,  Econo- 
mic Geology,  pp.  627-652.    Map.    1888. 

Description  of  upper  coal  messures  and  np- 
per  barren  measure^ 

LOW,  A.  P.  Preliminary  report  on  an 
exploration  of  country  between  Lake 
Winnipeg  and  Hudson  Bay. 

Oanada,  Geol.  and  Nat. 'Hist.  Surrey,  Re. 
port,  1886,  part  F,  pp.  1-19.    1887. 

Abstract,  Ibid.,  part  A,  pp.2C-28. 

Includes  pp.  17-18,  notes  of  distribution 
and  character  of  Lanrention,  Huronian,  lower 
Paleozoic  limestone  and  diift  Reference  to 
glacial  striae. 

L7MAN,  Benjamin  Smith.  Geology  of 
the  Low  Moor  (Virginia)  iron  ores. 

Am.  Inst.  [Mining  Engineers,  Trans.,  yoL 
U,  pp.  801-809.    1886L 

Describes  structural  relations  and  disoassea 
the  horizon  of  the  forriferooa  stratom. 
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McCHAHIJSS,  A.  Notes  on  tbe  ge- 
ology of  the  Wionipeg  district^  Mmni- 
toba  (Abstract). 

Edinborgh  0«ol.  Soc.,  Tnuu.,  roL  5,  pp. 
331-:i:i3.    1887. 

GiTes  aeetkm  of  drift  and  describe*  oat* 
CTopsof  fosniliferoosSilnrian  aod  '.yrdDTieiaii. 

The  foot-Atepe  of  time  in  the  Red 

River  Valley,  with  special  referenoe  to 
the  salt  springs  and  flowing  wells  to 
be  foand  in  it. 


I,  Sst  and  Sci.  Soe.,  Traac,  So. 
27.  pp.ia    1887. 

Describes  Archetto.  Ordorieian,  Silarian, 
DeToniaa,  Cretac«oiiii,  and  Qaateraary  forma- 

tfODS. 

McCONNELIi,  R.  G.  Report  on  the 
geological  stmctare  of  a  portion  of  the 
Rocky  MonntaioSy  accompanied  by  a 
section  roeasared  near  tbe  51st  parallel. 

Oanada,  Geol.  and  Nat.  Hist.  Surrey,  Re- 
port, 1886,  part  D,  pp.  41,  pis.  2.     18H7. 

Abstract;  Ibid.,  part  A,  pp.  7-0,  G-eol.  Mag- 
azine, 3d  decade,  roL  6,  pp.  133-134. }  p.    ISSit. 

Description  of  Cretaceous,  and  formatioos 
from  Carbooiferons   to  Cambrian;  flexures 
and  series  of  OFertbrast  faults.    Discassion  of 
some  stratiin^phic  and  stractaral  relations. 
Accompanied  by  plate  of  colored  sections. 

—  Note  on  tbe  geology  of  Moont  Ste- 
pbeu,  British  Colombia. 

Am.  Geologist,  rol.  3.  pp.  22-25i     1889. 
Description  of  stratigraphy  and  stractnre 
of  the  Moant  Stephen  region. 

McCREATH,  A.  S.,  and  D'lNVn.. 
IiIERS,  £.  y.  Comparison  of  some 
Southern  cokes  and  iron  ores. 

Am.  Inst.  Mining  Engineers,  Trans.,  voL 
15.  pp.  734-753.    1887. 

Btlef  statement  in  regard  to  geologic  rela- 
tions at  Birmingham,  Alabama. 

-^—  Miueral  resources  of  the  npper  Cam- 
berland  valley  of  soutbeastern  Keu- 
tuclty  and  southwestern  Virginia  trib- 
utary to  the  proposed  Cumberland 
valley  extension  of  the  Louisville  and 
Nashville  railroad,  152  pages,  map. 
Louisville,  1888. 

Brief  prefatory  sketch  of  the  general  geol- 
ogy and  stnicture,  and  detailed  description 
of  the  coal  moasares. 

The  New  River— Cripple  Creek  min- 
eral rej;ion  of  Virginia.  See  D'lNVIi- 
LIERS,  E.  v.,  and. 


McGEX;.  W  J    Keport 

U.  S.  GooL  Surwtf,  Sixth  Report,  J.  W. 
FoveU,  U84-'85,  pp.  2S-4X.    1883^ 

Aeooant  of  gM^ogie  cartographic  vck  of 
the  Surrey.  KoHoe  of  atodles  of  tbe  terraces 
of  the  oeotrsl  eastern  United  States,  and  other 


—  Some  features  of  the  reoent  earth- 
quake. 

Sci.  Am.,  BapL,  roL  n,  pp.  930S-t30e,  ITou 
57C     1887. 
From  Scienee^  voL  8»  ppu  271-275.    1888. 

—  Oribos  eavifrons  from  tbe  loess  of 
Iowa. 

Am.  Jour.  Sd.,  3d  series,  voL  9€,  pp.  217-220. 
1887. 

Abstract,  Am.  Obolosist,  voLl.  pp.  128-137, 
fp.     1887. 

Discusses  the  climatio  eonditaons  of  the 
loess  period  as  indicated  by  its  Caona;  the  r»- 
lations  of  the  loess  to  the  drift  in  Iowa  and 
adjacent  regions;  the  early  Qoatemary  sob- 
mergence  of  tJie  middle  Atlantic  slope,  aod 
the  attendant  climatio  conditions;  the  extent 
of  refrigeration  in  glacial  times,  and  the  posi- 
tion of  the  strata  yielding  the  Oribos  remains 
at  New  Madrid  and  Fort  Gibson. 

—  The    Tnscaloosa    formation.    Sam- 


mary   of    previous   observations   and 
opinions. 

Tertiary  and  Cretaceous  strata  of  Tnsca- 
loosa, Tombigbee,  and  Alabama  rtrera,  by  K 
A.  Smith  and  L.  0.  Jphnson,  U.  S.  Gkol.  Snr- 
rey,  Bnll.,  yoL7,pp.247-2a5.    Na43.    1887. 

Discussion  of  age,  correlation,  and  relations 
of  Tuacaloosaaod  Potomac  formations. 

—  R6suni6. 

Tertiary  and  Cretaceous  strata  of  Tusca> 
loosa,  Tombigbee,  and  Alabama  rivers,  by  E. 
A.  Smith  and  L.  C.  Johnson,  XJ.  S.  GkoL  Sur- 
rey, Bull. ,  voL  7,  pp.  285-290.    No.  «3.    1687. 

Beferences  to  cbaract«>ristics,  stratigmphy, 
and  relations  of  the  formations  and  sketch  of 
their  history. 

—  The  geology  of  the  bead  of  Chesa- 


peake Bay. 

n.  S.  G^ol.  Survey,  Seventh  Beport,  J.  W. 
Powell,  1885-'86,  pp.  537-846,  pis.  50-71.    1888. 

Abstract,  Am.  Geologisty  toI.4,  pp.  113-115. 
1889. 

Description  and  analysis  of  the  physiogra- 
phy of  tbe  Chesapeake  Bay  region,  and  of  the 
coastal  plain  in  general;  description  of  the 
Culumbia  and  Potomac  formations,  and  their 
relations  in  tbe  various  exposures,  and  discus- 
sion of  tbeir  genesis,  history,  and  taxonomy ; 
synopsis  of  taxonomy  of  the  g^t\^<ftl  depositi 
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of  the  middle  Atlantio  elope;  brief  referenoee 
to  Arcbeaa  (T)  alluvial,  Appomattox,  and  Sa«- 
safras  River  grecneand ;  disoaanion  of  evi< 
dence  of  a  displacement  bounding  the  coastal 
plain  on  the  west,  its  position,  extent,  amount, 
Influence  on  drainage,  and  topography,  date, 
history,  rate,  and  cause ;  the  genetic  relations 
of  topographic  foims  in  general,  and  the 
Quaternary  history  recorded  in  the  Columbia 
formation;  and  prognostication  in  regard  to 
the  occurrence  of  artesian  waters  in  the  region. 
Accompanied  by  a  stereogram  of  the  middle 
Atlantio  slope. 

Report Potomac  Division  of  Ge- 
ology. 

17.  S.  GeoL  Sorrey,  Serenth  Report,  J.  W. 
Powell,  1885-'86,  pp.  104-111.    1888. 

Includes  a  reference  to  the  equivalency  and 
history  of  the  Potomac  and  Tnsoalooea  forma- 
tions. 

Thiee  formations  of  the  Middle  At- 
lantic Slope. 

Am.  Jour.  Sci.,  8d  series,  voL  3fi,  pp.  120- 
143,  328-330,  367-388,  448-468,  pis.  XI,  YI,  YIL 
18«8. 

Abstract  Natnrei  vol.  38,  p.  91, 16  lines,  p. 
190, 11  lines.  1888.  Am.  Geologist,  voL  2,  pp. 
129-131.    1888. 

Description  of  character,  distribution,  and 
relations  of  the  Potomac  and  Columbia  for- 
mations, and  of  a  new  later  Tertiary  forma- 
tion, designated  the  '* Appomattox,'*  from 
North  Carolina  to  New  Jersey.  Discussion 
of  stratigraphio  relations,  origin  of  materials, 
conditiuDH  of  deposition,  taxonomy,  and  bear- 
ing on  geologic  history,  especially  on  the 
Quaternary.  Synopsis  of  literature  of  the 
Columbia  formation  and  of  the  glacial  history 
of  the  United  States.  Accompanied  by  a 
stereogram  of  the  middle  Atlantio  slope. 

The   olasaificatiou    of   geograx)hic 

forms  by  genesis. 

National  Geogr.  Mag.,  voL  1,  pp.  27-36. 
1688. 

Definition  and  classification  of  geologic 
phenomena  and  discussion  of  their  relation  to 
the  genesis  of  geographic  features. 

The  Columbia  formation. 

Am.  Assoc.  Adv.  Science,  Proo.,  vol.  36,  pp. 
221-222.    188& 

Qeneral  notice.  Discussion  of  origin  and 
mode  of  deposition  of  its  materials  and  cli- 
matic conditions  Indicated  by  its  stratigraphy 
and  relations. 

Paleolithic  man  in  America  :  his  an- 
tiquity and  environment. 

Popular  Science  Monthly,  vol.  34,  pp.  20-36. 
1888. 

Includes  a  sketch  of  the  glacial  history  of 
Nor^Ji  America^  especially  of  the  lower  Dela- 


MoGEE,  W  J-'Continned. 

ware  Valley  and  the  relations  of  the  Trenton 
gravels. 

[On  some  peculiarities  of  the  super- 
ficial deposits  of  nortiieastern  Iowa.  J 

Am.  Geologist,  voL  2,  pp.  137-138,  ^  p.    1888. 

Brief  reference  to  forest  bed  intercalated 
between  the  drifts,  the  occurrence  of  kanies 
and  asar,  the  distribution  of  the  loess,  and 
certain  anomalous  relations  of  the  drainage. 

Notes   on    the   geology   of    Macon 

County,  Missouri. 

St.  liouis,  Acad.  Sci.,  Trans.,  vol.  6,  pp. 
30S-336.    1888. 

Description  of  topography,  the  alluvial, 
aqno- glacial  and  glacial  deposits,  the  Carbon* 
iferons  rocks  and  coal^,  and  structure.  Dis- 
cussion of  classification  of  plains,  sketch  of 
Pleistocene  history,  and  correlation  of  coal- 
beds  and  of  the  strata  pierced  by  drill-holes. 

Topographic  types  of  northeastern 

Iowa. 

Am.  Natnralist,  vol.  23,  p.  808.  |  p.    1889. 

Abstract  of  j.aper  read  to  American  Asso- 
ciation, 1889.  The  abstract  consists  of  an  ac- 
count of  some  characteristics  of  the  drainage 
systems. 

Geological  antecedents  of  man  in 

the  Potomac  valley. 

Am.  Anthropologist,  vol.  2,  pp.  227-28A. 
1889. 

Comprises  a  brief  sketch  of  the  Potomac 
and  Pleistocene  history  of  the  Middle  Atlantio 
slope. 

McINNES,  W.  Portions  of  counties  of 
New  Brunswick.  See  BAJLET,  L* 
W.,  and. 

McKELLAR,  Peter.  The  correlation  of 
the  Auimikie  and  Huronian  rocks  of 
Lake  Superior. 

_  a 

Canada,  Boyal  Soc,  Trans.,  voL  5,  section 
rr,  PP.6V73.    40.    188a 

Description  and  discussion  of  characteristics, 
structure,  and  contact  relations,  and  discus* 
sion  of  eqnivalenoy  and  history  of  the  Huro- 
nian, Auioiikie,  Kewoenawan,  "Nipigon," 
and  overlapping  formations  in  the  Lake  Su- 
perior regions.  Ileference  to  relations  of  fin* 
ronian  and  Laureutiaa. 

McRAE,  John  C.  The  geological  forma- 
tion at  Port  Colborne  as  shown  by  drill- 
ing for  natural  gas. 

Canadian  Inst.,  Proo.,  voL  6  (new  series), 
pp.  338-341.    1869. 

Gives  1,500- foot  well  record  and  a  north  and 
south  section  through  the  Niagara  peninsula 
from  Lake  Ontario  to  Lake  Erie. 
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[MaoFARIiAXnO,   Thomas.]    [On    the 
use  of  the  term  "Taconic."] 

IntematioiuU  Oongress  of  Geologists,  Am. 
OommittM,  Beport,  1886,  B.  p,  17,  3  lines. 

Am.  Geologist,  vol.  %  p.  207.    1886. 

Keference  to  its  ftpplication  to  some  pre- 
Cambrian  rooks. 

On    the  Aitshean.    See   FRAZER, 

Report  on  Arohean. 

Maine,  Aroostook  Connty,  Bailet. 
bowlder  deposits,  Chamberlin. 
eulargementsof  angites  in  peridotites 

fiN>m  Little  Deer  Ihlaud,  Merrill, 

G.  P. 
Farmingham  clay,  Robinson. 
glaciation  of  moontaius,  Upuam. 
osar  and  moraine,  Chamberlin. 
Paleozoic  and  volcanic  series  near 

Eastport,  Shaler. 
post  glacial  history  and  volcanic  ash- 

bcds  on  coast,  Shaler. 
relations  between  geology  of  Maine 

and  New  Brunswick,  Bailey. 
Silurian  system  of  northern,  Bailet. 
terminal  moraines,  Stone. 

Manchester    Geological    Society, 
Transactiona,  voL  19. 
Richmond  coal-field,  Virginia,  Clif- 
ford. 

Manitoba,  Historical  and   Scientific 
Society,  Transactiona,  No.  27. 
Red    River   Valley    geology,    Mc- 
Charles. 

MARC  on,  Jules.    On  the  nse  of  the 
name  Taconic. 

Boston  Soo.  Nat.  Hist.,  Proo.,  voL  23,  pp. 
843-^55.    1887. 

A  plea  for  the  retention  of  "  Taconic  "  as  a 
jl^oup  name  for  tbe  primordial,  and  the  relo- 
cation of  Cambrian  to  tbe  rocks  of  the  second 
fauna  instead  of  ''Ordov^ician."  Biacasses 
the  history  of  "  Taconic,  *'  and  Kivea  a  table 
8howin<;  the  classification  of  the  lower  Paleo- 
zoic accoidiuj;  to  Sed{2:wick,  Mnrchison,  Em- 
mons, Barrande,  Marcoa,  Lapworth,  and  Wal- 
oott,  and  a  list  of  papers  on  the  subject. 

Paleontologic  and  stratigraphic 

''principles''  of  tbe  adversaries  of  the 
Taconic. 

Am.  G-eologist,  vol.  2,  pp.  10-23, 67-88.    1888. 

Diflcnssion  of  paleontologic,  strati<:raphic, 
and  straotnral  relations  of  the  Taconic  sys- 
tem, especially  in  review  of  C.  D.  Wivlcott's 
paper,  "The  Taconic  syt^tem  of  Emmons,  and 
the  nne  of  the  name  Taconic  in  geologic  no- 
menclature." 


MARCOn,  Jnles— Continned. 
— -  Geology  of  the  vicinity  of  Quebec 
city. 

Am;GMlogist,ToL2,pp.35&.35e.    1888L 
References  to  horizon,  and  relatioas  of  slates 

nnoonformably  onderlyiuK   the  Trenton  at 

Qaebeo  and  Montmorenoi  fmlla. 

The  Taoonic  of  Georgia,  and  the  re- 
port on  the  geology  of  Venuont. 

Boston  8oc.  Nat  Hist.,  Memoirs,  toL  4,  pp. 
105-131,  pL  18.    40.    1888. 

Abstract,  Am.  Geologist,  toL  1,  pp.  328-321^ 
fp.    188a 

Consists  of  a  discnssion  of  tiie  relations  in 
northwestern  Vermont  and  the  Quebec  re- 
gion, the  Loraine  shales  ▼ersns  the  Hndaoi 
Biver  gronp,  the  horizons  of  the  frraptditie 
sons  of  eastern  Amerioai  the  daasiflcatioii 
and  nomenclature  of  tiie  geology  of  Vermont, 
the  history  of  Emmons's  nmp  of  New  York, 
and  the  history,  classification,  and  use  of  tbe 
name  "Georgia." 

Some  remarks  on  Prof.   Henry  8. 

Williams's  report  of  the  sabcommittee 
on  the  upper  Paleozoic  (Devonic)  in 
the  American  Geologist  for  October,  p. 

m 

Am.  Geologist,  ^1. 3,  pp.  60-«l.    1889. 
Discnssion  of  some  points  in  the  history  of 
the  nomenclature  of  the  New  York  DoToniss. 

Barrande  and  the  Taconic  system. 

Am.  Geologist,  ToL  8,  pp.  118-1S7.    1888. 
Historic  and  coatroversiaL 

The  original  locality  of  the  GryphaM 

Pitcheri,  Morton. 

Am.  Geologist,  vol  3.  pp.  188-198.    1880l 
Includes  adiscnsAion  of  the  absence  of  Keo> 
eomian  in  New  Mexico  and  reference  to  tiie 
extent  of  the  Jurassio  formation  of  the  Tu- 
oumcari  area  of  Texas. 

The  Mesozoic  series  of  New  Mexico. 

Am.  Geologist,  voL  4,  pp.  155-165,  216-229. 
1889. 

Bevie  ws  the  iuTost  Rations  of  Maroon,  New- 
berry, Le  Conte,  Hayden,  and  Stevenson,  and 
discueses  the  classification  of  the  New  Mexi- 
can and  Texan  Mesozoio  series. 

Jnra  Neocomian  and  chalk  of  Ar- 

kauHSH. 

Am.  Geologist,  vol.  4,  pp.  357-367.     1889. 

Beviewof  B.  T.  Hill  on  the  **  Neozoic  Ge- 
ology of  Soath western  Arkansas. "  Discosaea 
the  general  stratigraphic  statementa  concent- 
ing  the  Mesozoic  formations,  and  reviews  the 
paleontology  and  equivalency  of  the  Trinity 
and  Cretaceous. 

On  some  dates  of  the  ''Beport  on 

the  Geology  of  Vermont.'' 
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MARCOn,  Jules— Continned. 

Botson  Soc.  Nat.  Hist.,  Proc.,voI.  24,pp.  83- 
go.    1889. 

Keview  of  varions  hiatorio  qnestions  con- 
cerning the  Taconio  in  Vermont  publications. 

MARGARIE,  £mui.  de.  Presentation 
d'nn  relief  en  pl&trede  laPennsylvanie 
an  nom  de  M.  J.  P.  Lesley  et  observa-' 
tious  snr  les  plissements  des  terrains 
pal^ozoiqnes. 

Boo.  GMol.  de  France,  BnlL,  8d  aeries,  tome 
15.  pp.  356-357.    1887. 

DiscoBses  the  plications  of  an  area  in  oen* 
tral  Pennsylvania ;  as  exhibited  by  a  stereo- 
gram of  the  fleznres  at  the  sarfsoe  of  the 
*  •  Medina  "  sandstone. 

MARSH,  O.  C.  Notice  of  a  new  genns 
of  Sauropoda  and  other  new  Dinosau- 
ria  from  the  Potomac  formation. 

Ain.  Jonr.  Sol.,  3d  series,  vol,  35,  pp.  88-94. 
1888. 

Abstract,  Am.  Gkologist,  vol,  1,  p.  136,  |  p. 
1888.  < 

loclades  a  brief  reference  to  the  uncertain- 
ties in  regard  to  the  age  Indicated  by  these 
fossils. 

Restoration  of  Brontops   robnstns, 

.from  the  Miocene  of  America. 

Am.  Jour.  Sci.,  3d  series.  voL  37,  pp.  163-165, 
pi.  VI.    1889. 

Includes  very  brief  reference  to  snbdirlsl- 
bility  of  Brontotherinm  beds  of  the  eastern 
flanks  of  the  Bocky  Mountains. 

The  sknll  of  the  gigantic  Ceratop- 

sidsD. 

Am.  Jonr.  Sci.,  vol  38,  pp.  501-506,  plate  zn. 
1889. 

Inclndes  a  reference  to  the  geologic  horicon 
of  the  "  Ceratops  bed"  and  its  persistence  for 
many  hundred  miles  along  the  east  flank  of 
the  Rocky -Mountains. 

BIARSTERS,  V.  F.  On  certain  camp- 
touite  dikes  near  Whitehall,  Washing- 
ton County,  New  York.  See  KEMP, 
J.  F.,  and. 

MARTIN,  D.  S.  The  "Field  of  rocks" 
[II  miles  west  of  Philadelphia]. 

New  York  Acad.  Sci.,  Trans.,  voL  7,  pp. 
16-18.    1888. 

Description  of  isolated  bowlder>ooTered 
areas,  and  suggestion  in  regard  to  the  origin 
of  the  bowlders. 

— -  [Remarks  on  the  distinctness  of  the 
New  York  gneiss  from  the  crystal  lino 
rocks  of  the  Highlands.] 

New  York  Acad.  Sci.,  Trans.,  vol.  7,  p.  64, 
^p.    188& 


MARTIN,  D.  S.— Continued. 

Geological  map  of  New  York  City 

and  vicinity,  2  miles  to  1  inch.  New 
York,  1888.  Accompanied  by  an  explan- 
atory text,  pp.  14. 

A  colored  wall>map,  showing  areal  distribu- 
tion of  geologic  formations  within  a  radius  of 
40  miles  from  New  York.  The  accompanying 
pamphlet  gives  a  brief  general  aoooont  of  ge- 
ologic relations  of  the  region. 

Maryland    Academy    of     Sciences, 
TransaotionB,  voL  1. 
Cretaceous  and  Eocene  of  Maryland, 
Uhler. 

Maryland,  age  of  Potomac  formation, 
Ward. 

Antecedents  of  man  in  the  Potomac 
Talley,  McGek. 

Albirnpean  and  associated  forma- 
tions, Hrilprix.  Lbwis,  H.  C. 
Ublkr. 

Archean  geology,  Williams,  6.  H. 
_  Baltimore  gabbros,  Williams,  G.  H. 

ooal,  Ash  burner. 

Columbia  formation,  McOeb. 

Cretaceous  in  Ann  Arundel  and 
Prince  George  counties,  Clark. 

Cretaceous  of  southwest  Maryland, 
Bryan. 

Eocene  and  Cretaceous,  Uhler. 

excursions   into   southern  counties, 

CULRK. 

geology   of   the   Baltimore   region, 

Williams,  G.  H. 

geology  of  head  of  Chesapeake  Bay, 

McGee. 
infusorial  earth,  Day. 

mineralogy,  Williams,  G.  H. 

plan  for  map  of  Baltimore  region, 

Williams,  G.  H. 

Potomac  woods  and  lignites,  Knowl- 

TON. 

Report  of  Potomac  Division,  U.  S. 
Geological  Survey,  McGee. 

rocks  from  near  Ilchester,  Howard 
County,  HOBBS. 

Sauropoda  from  Potomac  formation, 
Marsh. 

three  formations  of  the  middle  At- 
lantic slope,  McGee. 

MaBBachusetts,    Hampahire     County 
Gazetteer,  1654-1887. 
Topography— geological  f e a t u res, 

E.\lERSON. 
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Maaaachiuetts.  Archean  of  vestem, 
Dana,  J.  D. 

Carboniferoas  plants  and  rocka, 
Kemp. 

contoar  map,  Dayis,  W.  M. 

Connecticat  lake  of  Cham  plain  per- 
iod, Emerson. 

crystalline  li  meat  ones,  Hunt. 

depAsito  of  phosphates  of  lime,  Sha- 

JLBR. 

conglomerates  in  gneisses,  Hitch- 
cock. 

dikes  in  Somerville  Connty,  Davis, 
W.M. 

drumlins  and  glaoiation,  Chambeb- 
UN,  T.C. 

fishes  and  plants  from  Trias,  New- 
berry. 

flaviatile  swamps  and  terraces,  Sha- 
ler. 

fossils  in  lower  Taconio  of  Emmons, 
Walcott. 

Gay  Head,  Merrill,  F.  J.  H. 

geology  at  Great  Barrington,  Julien. 

geology  of  Martha's  Vineyard,  Sha- 
le R. 

geological  recreation,  Honetmak. 

geology  of  Nabant,  Lane. 

geology  of  Nantacket,  Shaler. 

geology  of  oater  islands  of  Boston 
Harbor..  Crosby. 

geology  of  vicinity  of  Salem,  Sears. 

Hampshire  Connty,  Emerson. 

horizon    of    Nahatit    limestone, 

FOERSTE. 

old  beaches  near  Boston,  Davis,  W. 

M. 
pot  holes  at  Cohasset,  Bouv^.    Up- 

HAM. 

principles  of  adversaries  of  the  Ta- 
conic.    Mabcou. 

report  on  geology  of  Rhode  Island, 
Providence  Franklin  Society. 

seacoast  swamps,  Shaler. 

stracture  of  drumlins,  Upham. 

Taconic,  Dana,  J.  D.  Hunt.  Wal- 
cott. 

Tertiary  and  Quaternary  of  sonth- 
eastern,  Shaler. 

Trias  of  Connect  icut  Valley ,  strnct  nre 
and  topography,  Davis,  W.  M. 

traps  of  Connecticut  Valley,  Davis 
and  Whittle, 

MATTHEW,  G.  F.  A  preliminary  notice 
of  a  new  genus  of  Silurian  fishes. 


G.  F.— Continued. 

New  BmnswicJc,  Nat.  Hist.  Soc,  Ball.  Nou 
6,  pp.  09-73.    1887. 

Discusses  the  relations  of  the  containiog 
beds  in  the  Nerepis  Hills  to  memben  of  the 
Passamaqnoddy  Bay  series. 

—  On  the  Cambrian  faunas  of  Cape 
Bretou  and  Newfoundland. 

Canada,  Royal  Soc.,  Trans.,  toI. 4, section 
IV,  pp.  147-157.    1887. 

Describes  fossils  representing  the  older  or 
Paradoxides  fauna  in  Newfoandland  and  tl^e 
later  forms  of  the  Olenns  fauna  In  Cape 
Breton.  Describes  occurrence  of  the  fossils 
and  discusses  equivalency  of  the  containing 
and  associated  formations. 

—  Illustrations  of  the  fauna  of  the  St 
John  group.  No.  IV. 

Canadian  Raoord  of  Scienoe,  TaL2;p.432,| 
p.  1887.  (Briefabstraet  of  paper  r«ad  at  sixth 
meeting  of  Royal  Society  of  Canada.) 

Mainly  paleontologic  Considers  the  St 
John  group  the  Tepresentatire  of  nearly  the 
whole  Cambrian  and  the  fauna  of  the  Pols* 
dam  to  be  the  equivalent  of  that  of  the  shalloir 
water  deposits  of  the  St.  John  group. 

—  On  psammichnites  and  the  early 
trilohites  of  the  Cambrian  rooks  in 
eastern  Canada. 

.    Am.  Geologist,  toL  2,  pp.  1-9.    1888. 

Includes  some  incidental  references  to 
stratigraphy,  equivalency,  and  paleontologic 
relations  of  the  containing  rocks. 

On  a  basal  series  of  Camhrian  rocks 


in  Acadia. 

Canadian  Record  Science,  voL  3,  pp.  21-19. 
1888. 

Bead  to  Natural  History  Society  of  New 
Brunswick,  1888. 

Description  of  a  series  unconformably  un- 
derlying the  St  John  group  in  New  Bmns* 
wick  and  the  paradoxides  beds  in  Newfound- 
land,  and  comparison  with  formations  at 
apparently  the  same  horizon  in  Norway  and 
Wales. 

—  On  the  classification  of  the  Camhrian 
rocks  of  Acadia. 

Canadian  Record  Science,  voL  3,  pp.  71-^L 
1888. 

References  to  limitations  of  the  Cambrian 
system,  and  the  occurrence  and  extent  of  iu 
several  members.  Discussion  of  fannal  rela- 
tions, equivalency,  and  range  of  the  sub- 
divisions, especially  of  the  Geor^^an  series. 

—  On  the  claasificatlon  of  the  Canibriau 
rocks  iu  Acadia,  No.  2. 

Canadian  Record  Science,  voL  3,  pp.  303- 
815, 371-372.    1889. 

Di8cus>ion  of  position  of  Olenellus  fauna, 
comparison  of  sections  in  Sweden  and  New 
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MATTHEW,  G.  F.— Continned. 

Bi-unawick.  and  review  of  the  relatipna  and 
equivalency  of  tho  Oleuellas  fannas  of  the 
Pacific  slc^ie  in  the  western  Territories  uf  the 
United  States. 


Ou  some  remarkable  organism  of  the 

Silurian  and  Devonian  rocks  in  son  th- 
em New  Brans wi«;k. 

Oanada,  Boyal  Soc.,  Trans.,  vol.  6,  section 
IV,  pp.  49^4,  pi.  4.     1889. 

Includes  a  brief  account  of  the  slratij^raphy 
of  the  formations  and  Htatemcnts  in  reganl  to 
their  general  relations  and  to  their  i>quira- 
lent  8  elsewhere. 

How   is   the   Cambrian    divided? 

**    *    *    A  plea  for  the  classittcation 
of  Salt-er  and  Hicks. 

Am.  Geologist,  toI.  4,  pp.  130-148.    1889. 
A  f;<'noral  diHcus'«{on  of  the  paleontologio 
relations  and  classification  of  the  Cambrian. 

MEADS,  A.  D.    The  Stillwater,  Minne- 
sota, deep  well. 

Am.  Geologist,  vol.  3,  pp.  341-342,  f  p<    1889. 

Science,  vol.  13,  p.  401.    1880. 

General  description  of  its  record  (3,400  feet). 
Calls  attention  to  the  positive  evidence  pre- 
sented in  regard  tu  the  stratigraphic  position 
of  the  Keweenawan. 

Meriden  Soientific  Aasooiation, 
Transactions,  vol.  2. 
Catopterus  f^racilis,  Davis,  C.  H.  S. 
Hanging  Hills,  Cuapin. 

vol.  3. 

Ash  bed  at  Meriden,  Davis,  W.  M. 
Trap  ridge  at  Meriden,  Chapin. 

MERRILL,  F.  J.  H.    Note  on  the  Green 
Pond  Mountain  group  of  New  Jersey. 

New  York  Acad.  Sci.,  Trans.,  vol.  6.  p.  59, 
I  p.    1887. 

Statement  in  regard  to  age  and  general  .re- 
latioDs. 

GJeologioal  structure  and  age  of  the 

deposits  at  Gay  Head,  Massachusetts. 
[Abstract.] 

New  York  Acad.  Sci. ,  Trans. ,  vol.  4,  pp.  78- 
79.    1887.    Two  lines,  as  follows: 

Expression  of  opinion  in  regard  to  agti  of 
beds. 

Index  of  current  literature  relating 

to  American  geology. 

School  of  Mines  Quarterly,  voL  8,  pp.  2fi>, 
375.  vol.  9,  pp.  85-87.     1887. 

Arranged  by  sn Injects:  geology,  mineralogy, 
psleontology,  topography,  etc. 

—  Green  Pond  Mountain  group. 
Bull.  7ri 8 


MERRILL,  F.J.  IT. —Con  tinned. 

New  Jersey,  G-eol.  Survey,  Report  of  the 
Geologist  for  1886,  pp.  112-132.    18S7. 

Abstraot,  Science,  vol.  9,  pp.  59&-^96,  |^  p. 
1887.  . 

Describes  some  structural  nnd  stratigraphic 
relations  near  Newfoundland,  New  Jersey, 
which  indicate  that  at  least  a  xK>rtion  of  the 
group  id  eqaivalent  to  the  Oneida,  the  asso- 
ciated foisiliforous  limestones.  Lower  Holder, 
berg,  and  thu  slato»,  Hamilton.  Announces 
the  discovery  of  Corniferoos  and  Oriakany 
fo43iU  in  qiiartsite  iie;ir  Newfoundland  and 
Long  wood.  Given  a  r6snni6  of  the  stratig- 
raphy of  the  region. 

Yellow  gravel. 

New  Jersey,  Oeol.  Survey,  Beport  of  the 
Geologist  for  1886,  pp.  129-194.    1887. 

Describes  the  distribntlon,  character,  and 
relations,  and  discusses  its  age  and  the  origin 
of  its  materials. 

BISRRILL,  George  il.  Great  dike  at  Par- 
adise, Newport,  R.  1.  See  CROSBY, 
W.  O.,  and  BARTON,  G.  H. 

MERRILL,  George  P.  The  literature 
of  geyserite. 

Am.  Geologist,  vol.  2,  pp.  436-.437,  |  p.    1888. 

Calls  attention  to  announcements  of  volcanic 
orijcin  of  some  supposed  geyserite  formations 
and  to  the  confirmatory  results  of  a  reextim* 
ination  of  some  deposits  in  Montana  and 
Nebraska. 

Note  ou  the  secoudary  enlargement 

of  augites  in  a  peridotite  from  Little 
Deer  Isle,  Maine. 

Am.  Jour.  Sci.,  3d  series,  vol.  35,  pp.  488- 
490.     1888. 

Abstract,  Am.  Naturalist,  vol.  23,  pp.  10O6- 
1007, 7  lines.    1800. 

Petrographic. 

Concerning  the  Montville  serpen- 


tine. 

Science,  vol.  11,  p.  302,  }  p.    1888. 

Refers  to  its  occurrence  in  the  crjretalline 
limestone,  and  discusses  the  evidence  and 
bearing  of  its  metasomatic  origin. 

[ ]  [Exaniin.ition  of  rock  with  which 

nickel  occurs  in  Nickel  Mountain,  Ore- 
gon.] 

17.  S.  Geol.  Survey,  Mineral  Reaonroes  of 
the  U.  S.,  1887.  p.  128,  i  p.     1888. 
Statement  of  its  constituent  miner^s. 

On  the  ophiolite  of  Thurman,  War- 


ren County,  New  York,  with  remarks  on 
the  Eozoon  Canadense. 

Am.  Jour.  Soi.,  3d  series,  voL  37,  pp.  189^ 
191.    1880. 
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MERBILIm,  G«orge  P. — Continue*]. 

th*;  oTignMl  rock. 
On  tb«  aerpentioe  of  Mootrille,  New 

U,  %.  MatiMMl  Mmibiii,  Proc.,  roL  11,  pp. 
ll»-ni.  pUzxxi,  xxxif.    I»9. 

IinJn'Ies  a  reference  la  the  preMOc^of  a 
trap  <ltk«  at  tb«  loeality. 

On  a  peridot it«   from  Little  I>eer 

Islaml  in  Penobscot  Bay,  Maine. 

U.  %.  MationalMoaevii,  Proc.,  rol.  U,  pp. 
If l-lfS^  pL  XXZIT.     1889. 

Deariiption  of  itJi  reUtioiM.  micropetio. 
£rmph>,  ami  cofopotiitioii. 

Among  the  Pennsylvania  slate  qnar- 

Twn. 

8ci.  Am.,  Sopt.,  voL27«  pp.  10^1-1087$  (No. 

AH  I).     I8JQ. 

IfERRITT,  W.  C.  Oil  au  asceot  of 
Monnt  Loa  A  letter  to  J.  I).  Dana, 
datea  Jaly  28, 

Am.  Jaaar.  8ci.,3d  aerieM.  rol.  37,  pp.  51^52. 
1889. 

An  acooQDi  of  condition  and  topography  of 
the  crater. 

MBRRITT,  William  Hamilton.  The 
minerals  of  Ontario,  and  their  devel- 
opment. 

Am.  Inat.  Mining:  Engineers,  Trana.,  vol. 
17.  pp.  203-300.    1889. 

Inclndfsa  atateroenta  in  rejsanl  to  the  rela- 
tion of  the  Animfkle  and  Hiironian  in  the 
Port  Arthur  diatrict 

Mexico,  age  of  coal  in  Rio  Grande  re- 
gion, White,  C.  A. 
Baja  California,  Lindgrkn. 
Catorce  mining  district,  Chism. 
drainage  of  the  Valley  of  Mexico, 

ClIISM. 

geologic  observations,  VOM  Rath. 

JoriiUo,  P'rux. 

Jurassic,  Hill,  R.T. 

Lower     California     copper     mines, 

Wkndt. 
lower  Cretaceous,  White,  C.  A. 
relations  of  Laramie,  White,  C.  A. 
metamorphism  in  Souura  coal  field, 

Nkwukrry. 
f^ierra  Mojada,  CiiiSM. 
iSonora  eartbqnake,  Goodfellow. 

METER,  Julius.     Floods  in  the  lower 
Missouri. 
Science,  vol.  12,  pp.  167-IC8,  |  p.    1888. 
DincuAnioii  of  the  cuoditiuQS  affecting  cor- 
roaiou, 


Otio. 
des  Altterttare  von  M 


Beilrairnr 

ppi  and  Ala- 


Fraakfart 
Ccetll  ,  Bcridrt,  a.3w  taL i-n.    U 
FaleoatoloeK^ 


MmtmwL 


u. 


Some  remarks  on  Ibe  piwrat  slate 

of  our  knowledge  of  the  Ncnth  Ameri- 
can cantern  Tertiary. 

Am.  Geelogiat,  vot  2.  pp.  88-M.    1088. 

DiacnastoB  of  the  pilf<mtalaA.ii,  atrati- 
lETapfair.  aad  atnKtnral  rfiatianB,  eqairalcnrr 
and  relative  poaitioaa  of  the  aeveial  meai- 
bem. 

m^intrfgaw  Arcbean  rocks  of  the  North- 
west, A>1mcukll,  a. 

Chapin  iron  mine,  LAitesoH. 

elaasification  of  Cambrian  and  pre- 
Camhrian,  Irvixg. 

coal,  AfiHBUBXER, 

correlation  of  Animikie  and  Hnro- 
nian,  McKellar. 

Gogebic  iron  region,  Eng.  and  Mix- 
ing Journal. 

gold  fields,  Parker. 

granite  of  the  Northwest,  Hall, 
C.  W. 

granite  and  qnartzitc  contact  at 
Iron  wood,  Wikchell,  N.  H. 

great  primordial  qnartzite.  Winch- 
ell,  N.  H. 

Huronian  group,  Irving. 

iron  ores  of  Menonomie  range,  Ful- 
ton. 

Irving  and  Chaniberlin  on  Lake  Su- 
perior sandstone.  Am.  GEOLOcasT. 
lake  braches,  Ann  Arbor,  Spencer. 

WOOLBRIDGE. 

[Marquette    and    Gogebic    regions], 

WiNCHELL,  A.      W  INCH  ELL,  N.  H. 

metamorphism  of  eruptives  on  south 
shore  of  Lake  Superior,  Williams, 
G.  H. 

Penokee-Gogebic     iron     ores,     Van 

HiSE. 

post-glacial  geology  of  Ann   Arbor, 

WOOLBRIDOE. 

phosphate  in  Ludiugton  mine, 
Browne. 

report :  Lake  Superior  division,  U.  S. 
Geol.  Survey,  Irving. 

river-lake  system  of  western.  Wool- 
bridge. 

raised  beaolieH  of  Lake  MiohigaD| 
Lbverktt, 
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Michigan— Coo  tiiuiecl . 

salt,  Wyatt. 

Taconic  system,  Miller. 

Trentoa  limestone  as  an  oil  forma- 
tion, Orton. 

types  of  Devonian  system  in  North 
America,  Wiluams,  H.  8. 

MILLER,  S.  A.  The  Taconic  system  as 
established  by  Emmons,  and  tbe  laws 
of  nomenclature  applicable  to  the  sub- 
ject. 

Am.  Geologist,  rol.  1,  pp.  235-245.     1888. 

History  of  Taoonic  system  snci  Huroniao, 
St  John's,  and  Georgia  l^roupn.  K£sam<j  of 
charaoteristics,  dlstribation,  relations,  aud 
efjaivalenoy  of  the  groups. 

MILLS,  James  E.  Quaternary  <lcpoRit« 
and  Quaternary  or  recent  elevation  of 
regions  and  mountains  in  Brazil,  with 
deductions  as  to  the  origiu  of  luess 
from  its  observed  conditions  tboro. 

Am.  G-eologlst,  vol.  3,  pp.  345-361.    1889. 

An  account  of  the  characteriRtics  and  rela- 
tions of  the  superficial  dnitosits,  and  discus- 
sion of  their  ori2;in  and  history  aud  of  evidence 
of  recent  uplift  of  the  region. 

Minnesota  Academy  of  Sciences, 
Bulletin,  vol.  3,  No.  1. 

Glacial  moraines  of  Minnesota,  Up- 

HAM. 

Ice  currents  in  eastern    Minnesota, 

Upham. 
Geology  of  Mankato,  BKcnDOLT. 
Lingnia  and  paradoxides  in  red  quart- 

Zite,  WiNCHELL,  N.  H. 

Copper  mining  in  Minnesota,  Hall, 
C.  W. 

Trenton  limestone  at  Minneapolis 
and  St.  Paul,  Hall,  C.  W. 

Artesian  well  boring  in  southeastern 
Minnesota,  Hall,  C.  W. 

Fossil  flora  of  North  Dakota,  and  de- 
velopment of  treeless  areas,  Lei- 

BERO. 

Descriptions  of  maps  of  Minnesota, 
Upham. 

Minnesota,  Geological  and  Natural 
History  Survey,  Bulletin  No.  2. 

Peridotites,  gabbros,  diabases,  and 
andesytes  of  Minnesota,  Wads- 
worth. 


Minnesota,  Geology  of;  Final  Report, 
vol.  2. 

Preface,  Winchell,  N.  H. 

Wabasha  County,  Winchell,  N.  H. 

Goodhue  County,  Winchell,  N.  H. 

Dakota  County,  Winchell,  N.  H. 

Carver  and  Scott  counties,  Upham. 

Sibley  aud  Nicollet  counties,  Upham. 

McLeod  County,  Upham. 

Renville  Couuty,  Upham. 

Swift  aud  Cbippowa  counties,  Up- 
ham. 

Kaudiyohi  aud  Meeker  counties,  Up- 
ham. 

Wright  County,  Upham. 

Hennepin  County,  WiNCHBLL,  N.  H. 

Ramsey  Couuty,  Winchell,  N.  H. 

Wabhiugton  County,  Winchell,N.H. 

Chisago,  Isanti,  and  Anoka  counties, 
Upham. 

Benton  and  Sherburne  counties, 
Upham. 

Stearns  County,  Upham. 

Douglas  and^Pope  counties,  Upham. 

Grant  aud  Stevens  couuties,  Upham. 

Wilkin  8  aud  Traverse  counties, 
Upham. 

Ottertail  County,  Upham. 

Wadena  and  Todd  counties,  Upham. 

Crow  Wing  and  Morrison  connties, 
Upham. 

Mille  Lacs  and  Kanabec  connties, 
Upham. 

Pine  County,  Upham. 

Becker  County,  Upham. 

Clay  County,  Upham. 

Minnesota  Geological  and  Natural 
History  Survey,  Fifteenth  Report. 

Geologic.-il  Report  (Vermilion  Lake 
region),  Winchell,  N.  H. 

Report  on  northeastern  Minnesota, 
Winchell,  A. 

Report  of  observations,  Winchell, 
H.V. 

Sixteenth  Report. 


Report,  Winchell,  N-^H. 

Report  of  geological  survey  in  Min- 
nesota, 1887,  Winchell,  A. 

Report  of  observations  made  during 
the  snmmer  of  1887,  Winchell, 
H.V. 


No.  5. 


Natnral  gas  in  Minnesota,  Winch- 
BLL^  N.  H. 


—  Seventeenth  Report. 
Crystalline     rocks     of     Minnesota, 

WlNCHELL^K.B., 
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Mincesoia  Geological  and  Natural 
History  Surrey,  Seventeenth  Re- 
port—Continued. 

OUservationn  in  iron  regiomt,  18^, 
Winch  KLL,  H.  V. 

ObeerTatioDS  in  nortbeaBtem  Minne- 
sota, 1888,  Grant. 

List  of  papers  1872-1889,  on  crystal- 
lines of  Northwest,  Wincheli^ 
N.  H. 

Minnesota,  Animikie  slates  and  qnartz- 
ites,  WiNCiiKLL,N.  H. 
Animikie-Vermiliou      unconformity, 

WlNCHKLL,  A. 

artesian  wells,  Hai.l,C.  W. 
beaches   of  glacial    Lake    Agassi z, 

Upham. 
changes  in   ice  currents   in  glacial 

epoch,  Upham. 
classification  of  Cambrian  and  pre- 

Cambrian,  Irving. 
copper  mining,  Uall,C.  W. 
correlation  of  Animikie  and  Hnron- 

ian,  McKrllar. 
crystalline  rocks,  Winchsll,  N.  H. 
description  of  some  maps,  Upham. 
diabasic  schists  with  Jaspilyte,  WiN- 

CHELL,  H.  V. 

driftless  area,  Chamberlin,  T.  C. 
Chambkrlin  and  Salisbury. 

Cretaceous  outliers,  Am.  Geologist. 
Wincurll,  N.  H. 

eccentricity  theory  of  glacial  cold, 
Falls  of  St.  Anthony,  Claypole. 

ernptives,  Winchell,  N.  H. 

foliation  and  sedimentation,  Law- 
son.    Winchell,  A. 

fossils  in  red  quartz ite,  Winchell, 
N.H. 

falls  of  the  Mississippi,  Keyes,  J.  A. 

geology  of  Mankato,  Bechdolt. 

geology  of  central  counties,  Upham. 

geology  of,  preface,  Winchell,  N,  H. 

geology  of  Wabasha,  Goodhue,  Da- 
kota, Hennepin,  Ramsey,  and 
Washington  counties,  Winchell, 
N.H. 

glacial  moraines,  Upham. 

great  primordial  qnartzite,  Win- 
chell, N.  H. 

granite  of  the  North  west,  Hall,C.  W. 

Huronian  group,  Irving. 

iron  region,  1888,  Winchell,  H.  V. 

Irving   and    Cbamberliu  on    Lake 


Minnesota — Con  t  inaed . 

Superior  sandstones.   Am.  Gkoix> 

GIST. 

natural  gas,  Winchell,  N.  H. 
northern,  Winchell,  H.  Y. 
northeastern.  Grant.  Winchell,  A. 

Winchell,  N.  H. 
northwestern,  Winchell,  H.  V. 
norytes     and     gabbros,     Hrrricv. 

Clark  and  Drming. 
origin  of  Keewatin  ores,  Lawson. 
peridotites,  gabbros,   diabases,    and 

andesytes,  Wadsworth. 
phosphoms4n  Lndington  mine,  Mich- 
igan, Browne. 
qnartz-keratophyre    from    Pigeon 

Point,  Bayley,  W.  S. 
recession  of  ice  sheet  and  relations  of 

gravels  at  Little  Falls,  Upham. 
report— division  of  glacial  geology, 

U.  S.  Geological  Survey,  Chamber- 

LIN. 

spotted   rocks    from    Pigeon  Point, 
Bayley. 

Stillwater  deep  well,  Mbadks. 

stratigraphy  of  the  Huronian,  Win- 
chell, N.  H. 

Trenton  limestone  at  Minneapolis 
and  St.  Paul,  Hall,  C.  W. 

Taconic  system.  Miller. 

two  systems  confoanded  in  the 
Huronian,  Selwyn. 

unconformities  of  the  Animikie, 
Winchell,  A. 

well  at  Albert  Lea,  Gordon. 

Vermilion  Lake  and  other  iron  re- 
gions, Winchell,  N.  H.  Winch- 
ell, H.  V.    Van  Hisk. 

MissiBaippi,  abhence  of  separable  Oligo- 

cene,  Aldrich. 
carbonate  iron  ores,  Brainkrd. 
Grand  Gulf  formation,  Johnson. 
loess  and  clays,  analyses,  RiGGS. 
North  American  Tertiary,  Meyer,  0. 
orange  sand  and  loess,  Chambkrlin, 

T.  C. 
relations  of  Grand  Gulf  series,  HiL- 

gard. 
Report  of  subcommittee  on  Cenozoio, 

Smith,  E.  A. 
relations  of  gulf  Cretaceous,  Hill, 
1  R.  T. 

Tertiary  and  Cretaceous,  Smith  and 

Johnson.    Heilprin.    Meyer. 
white  limestone  formation,  Johnson. 


DARTON.] 


RECORD  OF  GEOLOGY  FOR  1887  TO  1889. 


117 


Missouri,  ArcUean  geology,  Hawouth. 
Carboniferous    echinodermata, 

Kbyes. 
Chouteau  group,  Rowley. 

coal,  ASHBURNER. 

forms  of  ore  deposit-s  in  limestone, 
Hrnrich. 

gas  in  eastern  Kansas,  Hay,  R. 

history  of  Ozark  uplift,  Broad- 
head. 

hammocks  and  bowlders  of  decompo- 
sition, Spencer,  J.  W. 

Silnrian  adjoining  Jackson  purchase, 
Kentucky,  Louohridoe. 

Missonri  River,  Broadhead. 

snb-Carboniferous  at  Sedalia,  Samp- 
son. 

lead  and  zinc,  Clekc. 

loess  and  clays,  analyses,  Riggs. 

Macon  County,  McGbe. 

moraines,  Chambbrlin. 

sand  bowlders  in  drift,  Spencer, 
J.  W. 


Missouri  — Co  ti  n  ued. 

types  of  Devonian  system  in  North 
America,  Williams,  H.  S. 

Montana,  Butte   City,    Rainbow    lode, 

Blake. 
Devonian,  Haydbn.    Walcott. 
Drumliimmon  veins,  Clayton. 
Gallatin  region,  Haydbn. 
geology  of  Butte,  Emmons,  8.  F. 
glacial  geology,  Chambbrlin. 
Great  Falls  coal  field,  Newberry. 
Iron  Butte,  Calvin. 
Report    U.    S.    Geological    Survey, 

Haydbn. 
volcanic  ash,  Merrill,  G.  P. 
volcanic  ash  analyses,   Clarke, 

F.  W.    Whitfield,  J.  E. 

MORRIS,    Charles.      Theories   of   the 
formation  of  coral  islands. 

Philadelphia,  Acad.  Sci.,  Proc,  1888,  pp. 
410-420.    1888. 

Diacaasion  of  Darwin's  and  Morray'a 
theories. 


N. 


NASON,  Frank  L.  On  the  location  of 
some  vertebrate  fossil  beds  in  Hon- 
duras, Central  America. 

Am.  JTonr.  Scl.,  34l  aeries,  vol.  34,  pp.  486- 
487.    1887. 

Notice. of  beds  of  clay  holding  "diorite" 
bowldera,  and  of  eTidenoe  of  h  former  lake. 

A  new  locality  of  the  camptonite  of 

Hawes  aiid  Rosen bnsch. 

Am.  Jonr.  Sci. ,  3d  series,  vol.  88.  pp.  229-230. 
1889. 

Abstract,  Am.  Natnrallst,  voL  23,  p.  812,  3 
lines.    1889. 

Describes  the  occurrence  and  petrography 
of  two  dikes  in  the  Green  Mountains,  Hontli- 
east  of  Rutland,  Vermont. 

Tlio  Triassic  rocks  or  the  red  sand 

stones  of  New  Jersey. 

New  Jersey,  Geol.  Survey,  Report  for  1888, 
pp.  l(M4,pI.    1889. 

Maluly  a  summary  and  review  in  the  light 
of  recent  studies ;  also  includes  a  classifica- 
tion of  the  stratigraphy,  and  a  discussion  of 
structural  relations,  and  of  strati  graphic  and 
physio^iraphic  evidence  of  the  existence  of 
great  faults. 

NATHORST,  A.  O.  The  position  of  the 
OletieUiiH  beds. 

Am.  Oeologist,  vol.  2,  p.  356,  |  p.    1888. 
Re/erences  to  the  relative  positions  of  the 
Olenellus  and  paradoxldes  beds. 


NATUURST,  £.  O.    Formation  of  coal 

seams. 

Eng.  and  Mining  JTonr.,  vol.  45,  pp.  194-1  Oi. 
4°.    1888. 

Discussion  of  origin  and  mode  of  deposition 
of  materials. 

National  Geographic  Magazine,  vol.  1. 

Geographic  methods  in  geologic  in- 
vestigation, Davis,  W.  M. 

Classification  of  geographic  forms  by 
genesis,  McGbs. 

Nature,  1887. 

Extra-morainal    lakes     and    clays^ 

Lewis. 
Fossil  woods  from  western  Canada, 

Dawson,  A.  M. 
Work  of  International  Congress  of 

Geologists,  GiLBRKT. 

1888. 

Superficial  geology  of  northwest  Can- 
ada, Tyrrbll. 
On  crystalline  schists,  Hunt. 

1889. 


Fall  of  rocks  at  Niagara,  Clatpulb. 
American  Association  Proceedings. 

Nebraska,  clay  from   Pine  and  Cherry 
counties,  Rkrd. 
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If ebraska— ^*on  t  r  D  aed. 

coal,  ASHBUBHKR. 

eontiniiaiice  of  Lake  Cheyenne, 

Todd. 
CretMceoos,  (.'hamberun,  T.C. 
crystalline  rock  in  Pawnee  County, 

RUSSKLL,  F.  W. 
diatomaceoQs  eartb,  Hicks. 
foasil  bone  in  well  at  Lincoln,  Am. 

Geologist. 
geyserite,  Hicks. 

literatareorgeyaerifce,  Mkrrill,  G.  P. 
Meeozoic,  Marcou. 
mart   from   Cheyenne    Connty,  Am. 

Gbologist. 
peat  bed  in  Lonp  Connty,  Russkll, 

F.W. 
Quaternary,  Chamberun,  T.  C. 
Report  Division  of  Glacial  Geolof^y, 

U.  S.  Geological  Survey,  Chamber- 
UN,  T.  C. 
salt  well  at  Liucolu.  Russell,  F.  C. 
Boile,  Hicks. 

Terraces  of  the  Missouri,  Tot>D. 
Tertiary  qnartzite.  Hicks.    Todd. 
volcanic  dnst,  Hicks. 
volcanic  dust,  analysis,  Clarke. 

NETTELROTH,  Henry,  1889.  Ken- 
tucky fossil  shellSb  A  monograph  of 
the  fossil  shells  of  the  Silurian  and  De- 
vonian rocks  of  Kentucky.  Kentucky 
Geol.  Survey,  J.  P.  Proctor,  Director, 
245,  IV,  pages,  30  plates.  4^.  Frankfort, 
Ky.,  imj. 

(^ontaini)  a  short  prefatory  chapter  on  geo- 
logic principles  and  periods. 

Neues  Jahrbuch  fiir  Mineralogie,  Gte- 
ologie  [etc.],  1887. 

Micro-petrography  of  C  a  1  i  f  o  r  n  i  a 
rocks,  Schuster. 

Norites  of  Cortlaudt  series,  Wil- 
liams, G.  H. 

Peridotite  of  Elliott  County,  Ken- 
tucky, DlLLER. 

Perowskite  in  seri>entiue,  Williams, 
G.  H. 

Pleonaste  in  norite,  Williams,  G.  H. 

Rutile  and  ilmenite  in  diabase,  Wii^ 
liams,  G.  H. 

Nevada,    classification    of     Cambrian, 
Matthew.    Walcott. 
Devonian,  Wiluams,  H.  S. 
dry  lakes,  Jknnry. 
equus  beds,  Cofk. 
/suits  of  Sierra  Nevada  and  Ba^m 


NevacU— Con  linaed . 

ranges,  DiLUBR.     Gilbert.    Rus- 
sell, I.  C.    Lk  Coxtk. 

glaciers,  Emmons,  8.  F. 

marbles,  Newberry. 

obsidian,  Iddinos. 

primary  qoartz  In  basalt,  Iddings. 

quicksilver  deposits,  Becker. 

Report  California  DiTision,  U.  S.  Ge- 
ological Survey,  Becker. 

stratigraphic  portion  of  Olenellos, 
Walcott. 

Trias,  Cope. 

glaciation  of  peaks  of  Sierra  Nevada, 
American  Geologist. 

Wasboe  rocks,  Becker. 

NEWBERRY,  John  S.  Some  recent 
discoveries  of  rock  salt  in  western  New 
York. 

New  York  Acad.  Sci.,  Trans.,  voL  i,  pp.  55- 
57.    1887. 

DisGoasM  the  extent  of  the  Sslina  salt  de- 
posita,  and  tbe  origin  and  rariatiooa  in  com* 
poaitioi^  of  the  salt 

The  Great  Falls  coal-field,  Montana. 

School  of  Mines  Quarterly,  toL  8,  pp.  327- 
330.    1887. 

Describes  the  oecnrrenoe  of  lower  Crets- 
ceoas  foasUs  in  the  coal  baiiin,  and  dlacaaau 

IheeqnivaleDcyof  some  members  of  the  Amer- 
ican Cretaceous. 
Kersautite — a  new  building  stone. 

School  of  Mines  Qnarterty,  vol.  8,  pp.  330- 
333.    1887. 

Occurs  penetratinjc  thti  crystalline  nchlstA 
near  Croton  Landing,  Wentchester  County. 
New  York.  Describes  occurrence  and  petrs- 
graphy. 

The  origin  of  graphite. 

School  of  Mines  Quarterly,  vol.  8,  pp.  334- 
335.    1887. 

DoHcribes  uietamoriihosed  coal  of  the  upper 
Trias  in  tbe  Sonora  coal-field,  Mexico. 

Earthquakes.    What  is  known  and 

believed  about  them  by  geologists. 

New  York  Acad.  Sci.,  Trans.,  vol.  6,  pp. 
18-35.     1887. 

Discussion  of  tb»  nature,  caases,  and  effects 
of  earthquakes,  and  of  volcanism  and  crusts! 
movements  iu  generaL 

[Middle  Cambrian    trllobitee  froDi 


near  Poughkeepsie.  ] 

New  York  Acad.  Sci.,  Trana.,  voL  6,  p.  113, 
i  p.    18S7. 
Expression  of  opiuiou  in  regard  to  horison. 

I ]  [On    the    ''Taconic    Syat^m'^   of 

Eiuinona.  \ 
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NBWBBRR7,  John  S.— Con  tinned. 

New  York  Acad.  Sci.,  Trans.,  vol. 0.  ]i.  138, 
A  p.    1887. 

Statemeut  of  opioion  in  regard  to  the  etatoa 
of  Buimons's  geDeralizatlon. 

Fossil  fishes  and  fossil  plants  of  the 

Triassic  rocks  of  New  Jersey  and  the 
Connecticut  valley. 

U.  S.  GS«ol.  Snnrey,  Monograph,  No.  14, 
XIV,  122  pages,  26  platea.  4^.  WushiugtoD, 
1888. 

Ahstmcta,  New  York  Acad.  Sci.,  Trans. , 
-  vo].  6,  pp.  124-128. 1887  ;  Am.  Natnralist,  vol. 
22,  p.  639,  i  p.,  1888 ;  Am.  Jonr.  Sci. ,  Sd  series. 
vol.  38,  pp.  77-78,  1680;  Am.  Geologist,  vol. 
4.  pp.  187-188,  i  p.,  1889;  Popnlar  Science 
Monthly,  vol  30,  pp.  662-563.  i  p.     1  h90. 

lucludcs  (pp. 3-15)  geologic  skcUU  of  the 
characteristic  featares  of  the  oontaluiog 
rocks;  reference  to  conditions  nnder  which 
they  were  deposited,  and  to  the  origin  of  their 
materials ;  and  a  discnseion  of  their  strtictnre, 
former  extent,  and  equivalency.  Also,  refer- 
ence to  the  age,  history,  and  relations  of  the 
J  ora  and  TriasT>f  western  United  States. 

Rhetic  plants  from  Honduras. 

Am.  Jonr.  Sci., 3d  series,  vol.  36,  pp. 342-351, 
pi.  vill.    1888. 

Inclndes  a  brief  reference  to  the  relations 
of  the  plant-bearing  beds. 

Statements  in  regard  to  stratigraphic  posi- 
tion of  oil-bearing  strata,  and  disscussion  of 
the  origin  of  gas  and  oil. 

[On  tho  nomenclature  of  the  Amer- 
ican lower  Paleozoic] 

International  Congress  of  Geologists,  Am. 
Conunittee,  Reports,  1888,  B,  pp.  13-17. 
Am.  Geologist,  voL  2,  pp.  20V207.    1888. 

[On  nomenclature  of  the  Tertiary 

formations,  and  on  the  inclusion  of  the 
**  Quaternary  "  in  the  Tertiary.] 

International  Congress  of  Geologists,  Am. 
Committee,  Reports,  1888,  F,  p.  16,  |  p. 
Am.  Geologist,  voL  2,  p.  281.    1888. 

[ ]  [Significance  of  overlap  of  Cre- 
taceous on  Archean  on  Staten  Island.] 

New  York  Acad.  Sci.,  Trans.,  vol.7,  ii.  39. 
»»oP.    1888. 

As  indicative  of  the  position  of  tlie  orig- 
inal eastern  limit  of  the  Trias. 

Triahsic  plants  from  Honduras. 

New  York  Acad.  Sci.,  Trans.,  vol.  7,  pp. 
113-116.    1888. 

Abstract.  Nature,  vol.  39,  p.  70,  4  liuus.   1888. 

Includes  statemeut  in  regard  to  age  indi- 
cated by  the  remains. 

[ ]  [Remarks  on   the  origin  of  salt 

deposits.  ] 

New  York  Acad.  Sci.,  Trans.,  vol.  7,  pp. 
126-127,1  p.     1888. 


\ 


NEWBBRRT,  John  S. — Continued. 
The  coals  of  Colorado. 

School  of  BCines  Quarterly,  voL  9,  pp.  327- 
341.    1888. 

Abstract,  Am.  Geologist,  voL  2,  pp.  429-430, 
I  p.    1888. 

Description  of  relations  of  Laramie  coal 
beds  and  associated  strata  of  tho  western 
TAramio  belt.  Crested  Butte  district,  (innni- 
Bon  lionntain.  Coal  basiu,  Glenwood  Spriugn 
district,  Pifion  basin,  nud  White  llonutain 
country.  Discossion  of  the  Hti-iitigrsphic  po- 
sition, distribution,  and  fHuiiai  relntions  of  t  lie 
Fort  Union  group  and  tho  "upper"  aud 
lower  Laramie. 

The  origin  of  the  loess. 

School  of  Mines  Quarterly,  vul.  10,  pp.66- 
60.    1888. 
Discussion  of  aqueous  versus  eolian  theories. 

Marble    deposits    of     tho     western 

United  States. 

School  of  Mines  Quarterly,  vol.  10,  pp.  60- 
72.    18d8. 

Refers  to  marbles  of  eastern  United  States, 
and  describes  deposits  in  southwest  Nevsds, 
southwest  Utah,  aud  western  Colorado.  De- 
scribes geologic  relations  in  Tempiute  Mouu- 
tain,  Nevada. 

Devonian  plants  from  Ohio. 

Cincinnati,  Soc.  Nat.  Hist.,  Jour.,  vol.  12, 
pp.  48-56,  pis.  4-6.    1889. 

Incideutfllly  refers  to  stratigraphic  po»itiou 
of  the  plant-bearing  beds,  to  tho  conditions  of 
deposition  during  Corniferous  times,  and  to  the 
equivalency  of  the  Uaep6  series. 

The  new  oil  field  of  Colorado,  aud 

its  hearing  on  tho  question  of  the  gene- 
sis of  petroleum. 

New  Yoric  Acad.  Sci.,  Trans.,  vol.  8,  pp. 
25-28.     1889. 

Abstracts,  Eng.  and  Mining  Jonr.,  vol. 
46,  pp.  498^99.  4<>.  1888;  Popnlar  Science 
Monthly,  vo).  34,  p.  142,  f  col;  Am.  Assoc. 
Adv.  Sci.,  Proc,  vol.  37,  pp.  180-187.  1880; 
Sci.  Am.  Snpt..  vol.  27,  pp.  10948-10040.  No. 
G85, 188l>;  School  of  Mines  Quarterly,  vol.  10. 
pp.  07-102,  1889. 

Stateuients  in  regard  to  horizon  uf  oil-boar- 
ing  Htrala  and  diticussiuu  uf  the  origin  of  oil 
and  gas.  Includes  a  brief  suuiiiiHry  of  llio 
geologic  column  in  tho  Uliuwitod  SpriuKi 
region. 

History  of  the  great  American  lakes. 

[Abstract.] 

Sci.  Am.  Supt.,  vol.  28,  pp.  1160S-11506,  No. 
720,  A  col-    Polio.    1880. 

Bng.  and  Mining  Jour.,  vol.  48,  pp. 201-202. 
4°.     1680. 

Read  to  Am.  Aeeoc.  Adv.  Science.  1889.  A 
geuerid  sketch  of  the  post-Triassic  history  of 
central  eaatAtii  '^ot^}kx  kviv^<c»^ 
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New  Brunswick  Natural  History  So- 
ciety, Bulletin,  No.  5. 
New  (reons  of  Silurian  fishes,  Mat- 
thew. 

NBWAgiL,  F.  H.  Richmond  coal-field, 
Virginia. 

a«ol.  Magmzine,  decade  ill,  vol.  6,  pp.  138- 
130.    188S. 

B«viow  ot  W.  Clifford.  *'  Blcbmond  coal- 
field, Yirf^nia."  1888.  Diacosaee  some  Btruct- 
aiml  and  stratigrapbic  features. 

New     Hampshire,    conglomerates     in 
gneisses,  Hitchcock. 
fossils  from  Littleton,  Dana,  J.  D. 

PUMPKLLY. 

glaciati;/n  of  moontains,  Upham. 

New  Jersey,  age  of  Potomac  formation. 
Ward. 

Archenn,  Britton,  Cook.  Raymond. 

Arcbean  plant  from  limestone  of  Sus- 
sex Coanty,  Britton. 

artesian  wells,  Cook. 

base  levels  in  Trias  and  Arcbean, 
Davis,  W.  M. 

boring  at  Atlantic  City,  Woolman. 

Cretaceous  and  Quaternary  in  vicinity 
of  New  York,  Britton. 

diatoniaceons  earth  iu  Atlantic  City 
wells.  Kino. 

fossiliferons  Cretaceoas  near  Clemen - 
town,  Woolman. 

geologic  map.  Cook. 

glacial  and  post-glacial  drifts,  Brit- 
ton. 

Green  Pond  Mountain  group,  Mer- 
rill, F.  J.  H. 

greensand  marls.  Cook. 

intrusive  and  extrusive  traps  of  Con- 
necticut valley,  Davis.  W.  M. 

Miocene  niollnsca,  Hkilprin. 

map  of  vicinity  of  New  York  City, 
Martin. 

Montville  serpentine,  Merrill,  G.  P. 

porpbyrite  of  northwestern  New  Jer- 
sey, Kemp. 

paleolithic  mau  in  America,  Trenton 
gravela,  McGee. 

relations  of  upper  Cretaceons  in  east- 
ern and  southern  Unite<l  States, 
Hill,  R.  T. 

topographic  map,  Davis,  W.  M. 

three  formations  of  the  middle  At- 
l&Dtic  slope,  McQuv. 


;  New  Jersey—Continued. 
'  trap  sheets  and  lavas  of  Newark  sys- 

tem, Darton. 
Trenton  gravels,  Abbott. 
Trias,    Cook.      Nason.      Britton. 

Darton.    Davis,  W.  M. 
yellow    gravel.    Cook.       Merrill. 
Britton. 

Ne'w  Jersey,  Qeological  Survey  Re- 
port, 1886. 
Arohean,  Britton.    Cook. 
Green  Pond  Mountain  group,   Mer- 
rill. 
Greensand  marls.  Cook. 
Mining,  Cook. 
Surface  geology.  Cook. 
Triassic,  Cook. 
Yellow  gravel,  Merrill. 


Report  for  1887. 


Geologic  surveys,  CoOK. 
Artesian  wells,  Cook. 

—  Report  for  1888. 


Trias,  Cook.    Nason. 
Artesian  wells.  Cook. 


Atlas  sheets. 


Geological  map  of  New  Jersey,  Cook. 

New  Mexico,  Andesite  from  San  Mateo 
Mouutaiu,  analysis,  Chatard. 
basalt    from    near   Grant,   analysis, 

Chatard. 
coal,  Ashburner. 
Mount  Taylor  and  ZuDi  plateau,  DuT- 

TON. 
Mesozoic  of  New  Mexico,  Marcou. 
Mesczoic  of  northern   New    Mexico, 

Stevenson. 
natural  coke  from  Purgatory  CaHoo, 

analysis,  Riggs« 
obsidian,  Iddincss. 
original  locality  of  gry)>hfiea  Pitcheri, 

Marcou. 
San  Pedro  copper  mine,  Hkrrick. 
Santa  Rita  copper  mine,  Wkndt. 
Slaybach  lode,  Herrick. 
Tertiary,  Cope. 
vertebrate  fauna  of  Puerco  epoch, 

Cope. 

New  Orleans,  Academy  of  Sciences^ 
Papers,  vol.  1. 
Arcbean  of  Texas,  Harrod. 

New  York,  age  of  Niagara  River,  Spen- 
c^^,  3,  W. 
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New  Tork^ContiDued. 

Archean  plant  from  litnestone  of  Sna- 
sez  ConDty,  New  Jersey.  Relar 
tions  of  limeBtone  outliers,  Brit- 
ton. 

Attioa  sink  boles,  Clarke. 

beaches  ou  southern  side  of  Long 
Island,  Bryson. 

boring  on  Staten  Island,  Britton. 

bowlder  of  Oriskany  un  Staten  Island^ 
Qratacap. 

brief  history  of  Taconic  ideas,  Dana, 
J.  D. 

bailding  stones,  Hall,  J.    Smock. 

Calciferous  fossils  of  LakeChamplain, 
Whitfield. 

Cambrian  trilobites  from  Pongh keep- 
sie,  Newberry. 

cam ptouite dike, Washington  County, 
Kemp  and  Marsters. 

cement  and  gypsum  in  Buffalo  Pohl- 

MAN. 

Columbia  formation,  McGbb. 

contact  metamorphism  in  rocks  ad- 
joining Cortland  t  scries  near  Peeks- 
kill,  Williams,  G.  H. 

Cortland  t  rocks,  Callaway. 
Barker.    Williams,  G.  H. 

Cretaceous  and  Triassic  outcrops, 
Staten  Island,  Britton.  Holuck. 

Cretaceous  near  Grassmere  station, 
Staten  Island,  Britton. 

crystalline  rock  region  of  southeast- 
ern New  York,  Smock. 

DcYonian  and  Silurian  in  well  at 
Morrisville,  Prosseu. 

cutting  at  Croton  Point,  Waiuno. 

dikes  of  Hudson  River  Highlands, 
Kemp. 

diorite  dike  of  Forest  of  Dean,  Kemp. 

distinctiveness  of  New  York  Island 
and  Highland  gneisses,  B&itton. 
Martin. 

eccentricity  theory  of  glacial  cold 
(recession  of  Niagara  Fails),  Clay- 
pole. 

Eozoonal  rock  of  Manhaltan  Island, 
Gratacap. 

falls  of  rock  at  Niagara,  Claypole. 

faunas  of  upper  Devonian,  Geuessee 
section,  Wiluams,  H.  S. 

fauna  of  upper  Taconic,  Washington 
County,  Walcott. 

fossils  in  city  of  Quebec,  Ford. 


New  7ork — Continued. 

fossil  leaf,  Arrochar  statiou,  Staten 
Island,  Hollick. 

fossils  of  Staten  Island  drift,  Grata- 
cap. 

fossils  of  *^  Taconic  "  limestone,  Co- 
lumbia County,  D WIGHT. 

gabbros  and  diorites  of  Cortlandt 
series  near  Peekskill,  Williams, 
G.  H. 

genetic  history  of  crystalline  rocks, 
Hunt. 

geology  of  Buffalo,  Abhburner. 

geology  of  Manhattan  Island,  Kemp. 

geology  of  Long  Island,  Dana,  J.  D. 

geology  of  Staten  Island,  Britton. 

glaciation  of  mountains,  Upham. 

great  primordial  quartzite,  Winch- 
BLL,  N.  H. 

great  lake  basins  of  St.  Lawrence, 
Drummond. 

Hamilton  of  Chenango  aud  Otsego 
counties,  Prosser. 

Iroquois  beach,  Spencer,  J.  W. 

kersantite  at  Croton  Landing,  New- 
berry. 

leaf  in  sandstone  in  drift,  Staten 
Island,  Hollick. 

life-history  of  Niagara  Falls,  Pohl- 
man. 

lower  Helderberg  of  Cayuga  Lake, 
Williams,  S.  G. 

lower  Paleozoic  graptolites,  Lap- 
worth. 

map  of  vicinity  of  New  York  City, 
Martin. 

minerals  of  Staten  Island,  Chamber- 
LIN,  B. 

modified  drift  (Staten  Island),  Brit- 
ton. 

Mohawk  valley,  Beecher  and  Hall. 
Hall,  J. 

natnral  gas,  Ashburnbr. 

Niagara  shales,  Ringubberci. 

norites  of  Cortlandt  series,  Wil- 
liams, G.  H. 

ophiolite  of  Warren  County,  Mer- 
rill. 

Oneouta  Handstone,  BBBCHBR-and 
Hall.    Hall,  J. 

Ordovician  and  Cambrian  in  well 
near  Utica.  Walcott. 

original  Chazy  rocks,  Bbainbrd  and 
Sbeley. 
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New  York  -Ci»iilimu<1. 

origin  of  BcriM'titinea  near  New  York 

City,  Hritton.    Gratacap. 
overlap  of  Cretaceons  on  Arobeaii  on 

Stateii  Island  (eastern  limit  of  Jura-  i 

Trias),  Nkwukrry. 
petroleum    and    natural    gas,    Ash-  ^ 

BURNKR. 

prehistoric    hearth    under    drift    at 

Buffalo,  Gilbert.  | 

principles  of  adversaries  of  the  Ta- 

conic,  Marcou. 
recent  discoveries  in  local  Cretaceous 
and  Quaternary  geology,  Britfon. 
recent  field  work  in  Archeau,  Brit- 
ton. 
report  of  State  Geologist,  Hall,  J. 
rocks  of  Philadelphia  and  New  York, 

Rand. 
Rosetown  extension  of  the  Cortlandt 

series,  Kemp. 
salt,  Bishop.    Newberry.    Wyatt. 
St.   Lawrence  basin  and  the  Great 

Lakes,  Spencer. 
seacoast  swaiups,  Shalbr. 
serpentine  of  Syracuse,  Williams, 

G.  H. 
Staten  Island  drifts,  Britton. 
stratigraphic  position  of  Olenellus, 

Wajxjott. 
Tacouic    system,    Dana,    J.    D. 

Dwight.    Miller.    Walcott. 
Taconic  question  restated, HUNT. 
Taconic  of  Georgia  and    report  on 

geology  of  Vermont,  Marcou. 
Taconic   rocks    and   stratigraphy, 

Dana,  J.  D. 
Triassic  outcrops  on  Staten  Island, 

HOLLIGK. 

Tully  limestone*,  Williams,  S.  G. 
types  of  Devonian  system  in  North 

America,  Williams,  H.  8- 
Wappinger    valley    limestoncH, 

DWlGHT. 

well  at  Staten  Island,  Hollick. 
well  at  Woo<ihaven,    Long   Island, 

BrysoN. 
well  on  south  sido  Long  Island,  Bry- 

80N. 

well  at  Woodhani,  Long  Island, 
Lewis,  E. 

Williams's  report  on  Devonian,  Mar- 
cou. 

yellow  gravel,  Britton. 


New  York  Academy  of  Science,  An 
nals,  vol.  4. 

North  American  trilobites,  Vooi>KS. 

Transactions,  voL  4. 


Bowlder  in  Woodbridge,  Connecticut, 

Hubbard. 
Deposits  at  Gay  Head,  Massachusetts, 

Merrill. 

Salt  of  western  New  York,  Nkwbkrry. 

Drifts  of  New  Jersey  and  Staten  Isl- 
and, Bkitton. 

Fossil  plants  and  rocks  from  Wor- 
cester, Massachusetts,  Kemp. 

—  voL  5. 
Minerals  of  Staten  Island,  Chamber- 

LIN. 

Origin  of  serpentines  near  New  York, 

Britton. 
Western  Virginia.   North    Carolina, 

and  eastern  Tennessee,  Britton. 

vol.  6. 


Geology  of  StaU-n  Island,  Brition. 

Earthquakes,  Newberry. 

Green  Pond  Mountain  group  of  New 

Jersey,  Merrill,  F.  J.  H. 
Middle  Cambriau  trilobites  from  near 

Foughkeepsio,  Nkwbehry. 
Fossil  fishes  and  plants  of  the  Trias 

of  New  Jersey  aud  the  Connecticut 

valley,  Newberry. 

—  vol.  7. 
"  Taconic  system  "  of  Emmons,  New- 

BERRY. 

Fossils  in  city  of  Quebec,  Ford. 

♦♦  Field  of  rocks"  near  Philadelphia, 

Martin. 

Geology  at  Great  Barriugton,  Massa- 
chusetts, JULIEN. 

Boring  on  Staten  Island,  Britton. 

Overiap  of  Cretaceous  on  Archean  on 
Staten  Island,  Nkwberry. 

Geology  of  Manhattan  Island,  Kemp. 

Distin'ction  of  New  York  gneiss  from 
rocks  of  the  Highlands,  Martin. 

Salt  deposits  of  Petite  Anse,  Louisi- 
ana, Bolton. 

Origin  of  salt  deposits,  Nkwberry. 

Salt  deposits  in  Kansas,  Cox. 

Triassic  plants  from  Honduras,  New- 
berry. 

Geography  and  geology  of  Syria  and 

Palestine,  Post. 
Sub-Carboniferous    at    Sedalia,  Mis- 
souri, Sampson. 
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New  York  Academy  of  Science,  An- 
nals, voL  8— ConliDued. 

Diatomaceous  earth  id  wells  at  At- 
lantic City,  New  Jersey,  King. 

Oil  fields  of  Colorado  and  goDesis  of 
petroleam,  Newbbrrt. 

Silicified  wood  from  California, 
Fribdrich. 

Cretaceous  near  Ora88in«<«re  station, 
Staten  Island,  Britton. 

Rocks  of  Pennsylvania  and  New  York, 
Rand. 

Cryetalliiie  rocks  of  New  York-New 
Jersey  region,  Buiiton. 

Tin  of  North  Carolina,  Furman. 

Cambrian  of  North  America,   Wal- 

COTT. 

DiscoYeries  in  local  Cretaceous  and 
Qnatemary  geology,  Britton. 

New  Tork,  Fifth  Report  of  the  State 
Qeologiat. 

Geology  of  Mohawk  valley,  Bkecher 

and  Hall. 
Oneonta   sandstone,    Bbechkr    and 

Hall. 
Salt  wells,  Bishop. 

New  Tork,  Sixth  Report  of  the  State 
Geologist. 

Lower  Helderberg  of  Caynga  Lake, 

Williams,  S.  G. 
Report,  Hall,  J. 
Sink  holes  at  Attica,  Clarkb. 
Tnlly  limestone,  Williams,  S  G. 

New  Tork,  Thirty-ninth  Report  of  the 
State  Museum  of  Natural  EUatory. 

Geologic  reconnaissance  in  crystalline 
rock  region.  Smock. 

Keport  of  State  GNiologist,  Hall,  J. 
Report  on  building  stones,  Hall,  J. 
Spiral  bivalve  from  Waverly  of  Penn- 
sylvania, Hebcher. 

Nemr  Zealand,  copper  mines,  Henrich, 
siliceons  sinters.  Weed. 

NICHOLS,  Edward.  An  alnminum  ore 
[Floyd  County,  Georgia]. 

Am.  Init.  Mining  Engineeri,  Trans.,  vol. 
ie.pp.905>90e,ip.    1888. 


NICHOLS,  .Ed  ward— Cont  i  n  ucd . 

Describes  mode  of  oocarrence.    Analysis. 

North  Carolina,  coal,  Ashbukner. 

ooal  from  Stokes  County,  analysis, 
Whitfield,  J.  E. 

coal  from  Gulf,  analysis,  Clarkb. 

Cranberry  iron  mine;  Roan  Moun- 
tain; French  Broad,  Britton. 

deoomposed  trap  near  Sanford,  analy- 
sis, Chatard. 

deposits  of  phosphate  of  lime,  Pen- 
rose. 

gneisS'dunyte  contacts  of  Corundum 
Hill,  Chatard. 

Hiawassee  Valley,  Colton. 

man  in  the  Potomac  valley,  McGeb. 

mica  mining,  Phillipps. 

[peridotite],  Clark. 

residue  from  decay  of  schists  near 
Cary,  analysis,  Rioos. 

round  about  Ashe vi He,  Willis. 

some  norytes  and  gabbros,  Herrick. 
Clarke  and  Denning. 

three  formations  of  the  middle  Atlan- 
tic slope,  McGeb. 

tin,  Furman.    Van  Ness. 

younger  Mesozoic  at  Weldon,  Ward. 

Nova  Scotian  Inatitute,  Proc,  voL  7, 
Geology  of  Aylesford,  Kings  County, 

HONETMAN. 

Silurian  collection  of  the  Provincial 
Museum,  Honetman. 

Carboniferous  of  Cape  Breton,  Gil- 
pin. 

Geology  of  Haliiax  and  Colcheater 

counties,  Honeyman. 
Glacial    geology    of    Nova    Scotia, 

HONBYMAN. 

Nova    Scotian    superficial    geulogy, 

Honeyman. 
Geologic  recreation  in  Massachusetts 

Centre,  Honeyman. 
Ice    in    the    Carboniferous    period. 

Pools. 
Glacial   bowlders   of   our    fisheries, 

Honeyman. 
Geology  of  Cape  Breton,  minerals  of 

the  Carboniferous,  Gilpin. 
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O. 


OCHSBNinS,  Carl.  On  the  formation 
of  rook-salt  beds  and  mother-liqaor 
salts. 

Philadelphia,  Acad.  Sci.,  Proc.,  1888,  part 
2,  pp.  181-187. 

Mostly   chemioal.     Bef«rs  to  relatioDs  of 
some  salt  deposits. 

Ohio,    age   of    the   Ohio    gravel    beds, 

Wright. 
ancient  channel  of  Ohio  at  Cincin- 

natiy  Jambs. 
Berea    grit    in    northeastern    Ohio^ 

CUSHIHG. 

Berea  grit  oil  and  gas,  Okton. 
bowlders  on  terraces,  White,  I.  C. 
cements,  Lord. 
Clinton  group,  Forrste. 

coal,  ASHBURNER. 

connection  of  coal-fields  of  Ohio  val- 
ley, Shaler. 

correlation  of  lower  Silnrian  in  Ohio 
valley,  etc.,  Ulricii. 

Devonian  plants,  Newberry.   • 

diameter  of  Silnrian  Island  abont 
Cincinnati,  Dennis. 

drift,  Orton. 

drift  in  vicinity  of  Cincinnati,  Burke. 

gas  well  at  Oxford,  James. 

Geological  Survey,  report  ou  oil  and 
gas,  Orton. 

geology  of  Cincinnati,  James. 

geology  of  Licking  County,  Herrick. 

geology  of  Ohio,  in  its  relations  to 
oil  and  gas,  Orton. 

gypsum,  Orton. 

Ivorydale  well  in  Mill  Creek  valley, 

«J  AMES. 

Lake  age,  Claypole. 

lime,  Orton. 

new  horizons  of  gas  and  oil,  Orton. 

Ohio  shale  oil  and  gas,  Orton. 

Pittsburgh  coal.  Brown,  C.  N. 

Pomeroy    and    Federal    Creek    coal 

field,  Lovejoy. 
physical  history  of  Cincinnati  rocks, 

Perrt. 
section  at  Todd's  foik,  Foerstr. 
section  of  southwestern,  James. 
sedimentation  in  Cincinnati  group, 

il  AMES. 

sporocarps  in  Ohio  shale,  Orton. 


Ohio^Continned. 

Bubterranoan  commotion  near  Akron, 

^  Claypole. 

Trenton    limestone     oil     and     gas, 

Orton. 
types  of  Devonian  system  in  North 
'  America,  Williams,  H.  8. 
Waverly  group,  Herrick. 

Ohio  Qeological  Survey,  Report,  voL 
6,  Economic  Geology. 
Geology  of  Ohio  in  relation  to  petro- 
leum and  gas,  Orton. 
Origin  of  petroleum  and  gad,  Orton. 
Trenton  limestone  as  a  source  of  oil 

and  gas,  Orton. 
Berea  grit  as  a  source' of  oil  and  gas, 

Orton. 
Ohio  shales  as  a  source  of  oil  and  gas, 

Orton. 
Pittsburgh  coal  in  Jefferson,  Belmont, 

and  Guernsey   counties,    Brown, 

C.N. 
Pomeroy  and    Federal    creeks    coal 

field,  Lovejoy. 
Natural  and  artificial  cements.  Lord. 
Gypsum  in  Ohio,  Orton. 
Lime  production  in  Ohio,  Orton. 
Drift  deposits  of  Ohio,  Orton. 
Supplemental  report  on  new  gas  and 

oil-fields,  Orton. 

Ohio  Qeologictd  Survey,  preliminary 
report  on  petroleum  and  gas, 
Orton. 

OLCOTT,  £.  £.    Battle  Mountain  min- 
ing district,  Eagle  County,  Colorado. 

Eng.  and  Mining  Jonr.,  yoL  43,  pp.  418-418, 
436-437.    4°.    1887. 
DeacriptJon  of  geology  of  the  region. 

Oregon,  Cascade  Mountains,  Cope. 

coal,   ASHBURNER. 

geology  of  western  Oregon,   Copb. 

DuTTON.    Lang. 
faulte    of    Great   Basin    and  Sierra 

Nevada,  Lb  Conte.  Russell,  I.  C. 
intermediate  Pleistocene  fanna,CopR. 
nickel  ores  and  peridot ites,  Clarke, 

P.  W.    Merrill,  G.  P. 
invertebrate    fossils    from      Pacific 

Coast,  White,  C.  A. 
obsidian,  Iddinos. 
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Oregon— Continued. 

submerged  trees  of  the  Columbia,  i 

DuTTON.    Emmons,  S.  F. 
surface  geology  of  southern  Oregon, 

BiDDLE. 

transcontinental  railways,  Lang. 

ORR,  Ellison.  Brown  hematite  in  Alla- 
makee County,  Iowa. 

Am.  Geolgist,  vol.  1.  pp.  129-130.    1888. 
Inoidentally  refers  to  relations  of  the  under- 
lying  Trenton  limestone. 

ORTON,  Edward.  Geological  survey  of 
Ohio.  Preliminary  report  npon  petro- 
leum and  inflammable  gas.  Reprinted 
fur  the  author  with  a  supplement.  200 
pages;  plates.    Columbus,  18&7. 

Abstract,  Am.  Geologist,  vol.  1.  pp.  62-63. 
1888. 

This  edition  differs  from  tho  one  described 
in  the  bibliography  for  1886  by  the  addition  of 
a  sapplement  of  85  pages,  and  the  replace- 
ment of  the  geologic  map  ol  the  State  by  a  map 
of  gati  areas.  This  supplement  includes  an  an 
noancement  of  the  outcrop  of  Trenton  lime- 
stone in  Clermont  County,  uid  new  evidence 
bearing  ou  the  characteristics,  relations,  and 
thickness  nt  the  overlying  formations  up  to  the 
Ohio  shale,  absence  of  Ortskauy,  and  tho  na- 
ture, course,  and  relations  of  the  Cincinnati 
uplift,  and  the  surface  of  the  Trenton. 

[ ]  The  Trenton  limestone  as  an  oil 

formation. 

Am.  Oeologist,  vol.  1,  p.  133,  J  p.    1888. 

Notice  of  the  extent  of  the  dolomitic  mem- 
bers in  Ohio,  Indiana,  and  Michigan,  and  the 
confinement  of  oil  and  gas  to  this  portion  of 
the  formation. 

The  geology  of  Ohio,  considered  io 

its  relations  to  petroleum  and  natural 
gas. 

Ohio,  Oeol.  Surrey,  Report,  vol.  6,  Economic 
Geology,  pp.  1-59,  map,  pis.    1888. 

Abstract  and  review,  Am.  Q^eologist,  vol. 
21,pp.5S-60.    1888. 

Abstracts.  Science,  vol.  12,  p.  175,  i  col., 
1888 ;  Ged.  Magazine,  3d  decade,  vol.  I,  pp. 
84-86,1889. 

Description  of  formations  from  Trenton 
limestone  to  the  upper  barren  coal  measures, 
and  the  geologic  structure  of  the  State.  Dis- 
cussion of  stratigraphy,  equivalency,  hintory, 
and  extent  of  the  several  formations,  the  nar 
tare,  relations,  and  history  of  the  Cincinnati 
uplift  and  other  flexures,  and  the  contour  of 
the  upper  surface  of  the  Trenton. 

The  origin  and  accumulation  of  pe- 
troleum and  natural  gas. 

Ohio,  Oeol.  Survey,  Report,  vol.  6,  Boo- 
Domic  Geology,  pp.  60-100.    1888. 


ORTON,  PM ward— Continued. 

Review  of  theories.  Discussion  of  the  com  - 
position  and  order  of  se<|uence  of  petroleum- 
bearing  roclcs,  effectsof  disturbances  of  strata, 
and  pressure  of  the  gas. 

The  Trenton  limestone  as  a  source  of 

oil  and  gas  in  Ohio. 

Ohio,  Geol.  Survey,  Report,  vol.  6,  Eco- 
nomic Geology,  pp.  101-310,  2  maps.     1888. 

Relations  in  Ohio  and  elsewhere  in  general, 
composition,  lithology,  occorrence  in  wells, 
depth  from  surface  at  various  localities,  ex* 
tent,  structare,  range,  and  overlying  forma- 
tion pierced  in  drilling. 

The  Berea  grit  as  a  source  of  oil  and 


gas  in  Ohio. 

Ohio,  Geol.  Survey,  Report,  vol.  6,  Eco- 
nomic Geology,  pp.  311-109,  map,  pis.    1888. 

Characteristic.H,  stratigraphic  relations,  ex- 
t<ent,  position,  occurrence,  structure,  and  re- 
lations in  well  holes. 

—  The  Ohio  shale  as  a  source  of  oil  and 
gas  in  Ohio. 

Ohio,  Geol.  Survey,  Report,  vol.  6,  Eco- 
nomic Geology,  pp.  410-442.     1 888. 

Description  of  its  stratigraphy,  variations 
in  thisknesM,  extent,  pniportion  of  contained 
petroleum,  structure,  and  occurrence  in  well 
holes. 

—  Gypsum  or  land-plaster  in  Ohio. 

Ohio,  Geol.  Survey,  Report,  vol.  6,  Eco- 
nomic Geology,  pp.  606-702.     1888. 

Abstract,  XT.  S.  Geol.  Survey,  Mineral  Re- 
sources,  1887,  pp.  596-601.     1888. 

Geologic  horizon,  mode  of  occurrence,  and 
origin. 

—  The  nroduction  of  lime  in  Ohio. 


Ohio,  Geol.  Survey,  Report,  vol.  6,  Eco- 
nomic Geology,  pp.  703-771.    1888. 

Geological  horizons  of  limestone  beds.  De- 
scription and  analyses  of  limestones  at  various 
localities.  Notice  of  glacial  striie  on  Kelley*s 
Isluid. 

-  The  drift  deposits  of  Ohio. 

Ohio,  Geol.  Survey,  Report,  vol.  6,  Eco- 
nomic Geology,  pp.  772-782.    1888. 

Abstract,  Science,  vol.  12,  p.  176,  8  lines. 
1888. 

Reference  to  "  forest  bed."  and  occurrences 
of  gas  and  oil.  Table  of  thicknesses,  pp.  775^ 
782. 

-  Supplemental  report  on  the  new  gas 


fields  and  oil  fields  of  Ohio. 

Ohio,  Geol.  Survey,  Report,  vol.  6,  Eco- 
nomic Geology,  pp  783-702.    1888. 

Notices  of  depths  at  which  Clinton  and 
Trenton  limestones  were  found,  and  indication 
of  a  well  marked  fold  under  Tiffin. 

—  [Natural  gas  in  Ohio.] 
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ORTON,  Edward — Con  t  i  a  tied . 

XJ.  S.  G«ol.  Sonrcj,  BCineral  Rosoarc«s, 
1887,  pp.  479  tK2.    18M. 

Abiitnicf,  Am.  Mannfactarw,  Nataral  gM 
supplement,  1886. 

TIio  discovery  uf  sporocar|>a  in  the 

Ohio  shale.     [Ab:»trAct.J 

Am.  Aaaoc.  Adv.  Scieiic«,  Proc. ,  voL  37,  pp. 
179-181.    18^. 

iDoitloQUUly  oousidera  oonditions  under 
which  tUo  shftlM  were  deposited. 

The  new  horizons  of  oil  and  gas  in 

-the  Mississippi  valloy.     [Abstnict.] 

Am.  Aaeoc.  Adv.  Science,  Proc.,  voL  37,  pp. 
181-182.    1888. 

Incladee  references  to  eqairaleaoy,  rvlii- 
tiona,  and  area  of  soiiio  or  the  oil-bearinx  for- 
maUomi  in  Ohio,  Kentucky,  and  Canada. 

Ottaw^a  Natnraliat,  vol.  1. 

(Geological  horizon  of  Si  phono!  rola 

Bcotia,  Ami. 
Ice  age  and  subsequent  formations, 

Ottawa,  Ami. 
Ottawa  clays  and  expansion  of  Gulf 

of   St.    Lawrence    and    Canadian 

lakes.  Bowman. 
Utica  fossils  from  Rideau,  Ontario, 

Ami. 


Otta^^a  Natnraliat,  voL  1 — Continued. 
Chazy  formation  at  Aylmer,  Quebec, 

LOWTKB. 

''Phoaphatic  nodules"  in  Chazy  at 
Ottawa,  Ami. 

Geologic  relations  alon«r  the  Ottawa, 
Ami. 

Geologic  features,  government  farm 
near  Ottawa,  Ami. 

Sequence  of  formations  about  Ot- 
tawa, Ami. 

OWEN,  J.    Notes  on  the  geology  of  the 
liio  Grande  valley. 

aeol.  and  Sci.  Boll.,  toL  1,  Feb..  1888,  f 
col.    40. 

Reference  to  Cretaceoos  coal-bearing  series, 
and  suggestion  as  to  their  eqol valency.  Drift 
deposits,  and  hypothesis  of  their  origin. 

[Report.] 

Teicas,  G^eol.  and  Mineralogical  Sorvey, 
First  Beport,  1888,  pp.  88-74.    1889. 

Abstract,  Oeol.  and  Sci.,  Bnll.,  rol.  1,  Not.. 
1888.    » col.  — 

Geologic  notes  on  Yal  Verde,  Kinney, 
Uvalde,  Zavala,  Webb,  Dimmit,  and  Maver- 
ick counties  mainly  regarding  the  Cretaceous. 
Calls  attention  to  occurrences  of  volcanic 
rocks  in  Uvalde  County. 


P. 


X" 


PACKARD,  Alphens  S.    Notes  on  the 
physical  geography  of  Labrador. 

Am.  G-eogr.  Soc.,  Bull.,  vol.  10, pp.  403-422, 
map.    1887. 

Containa  norae  incidental  references  to  geol- 
ogy, glacial  lake  basins,  glaciation,  and  uricin 
of  fiords. 


A    summer's    cruise    to     northern 

Labrador. 

Am.  aeogr.  Soc.,  Bull.,  vol.  30,  pp.  337-363, 
44S-463.  map,  pis.    1888. 

Incidental  references  to  occurrences  of  Ar* 
chean,  Cambrian,  and  Quaternary  and  ter- 
races, and  description  of  the  relations  of  the 
basalts  aud  terraces  of  Henlej'  and  Ca.stlc 
islands. 

Rt*ceiit  discoveries  in  the  Carbonif- 
erous Htira  and  fauna  of  Rhode  Island. 

Am.  Jour.  Sci.,  3d  series,  vol. 37,  p. 411, } p. 
IftfO. 

Contains  incidental  reference  to  strati- 
graphic  position  of  the  Rhode  Island  seriea 

PAGE,  William  N.  The  Gleuniore  iron 
estate,  Greenbrier  County,  West  Vir- 
^loin. 


PAOE.  William  N.— Continued. 

Am.  Inst.  Mining  Bngineers,  Trans.,  vol. 
17,  pp.  115-124.    1888. 

Geologic  notes  and  sectiona  of  a  tract  a  fow 
miles  north  of  the  White  Sulphur  Springs. 

PANTON,  J.^IIoyes.  Places  of  geolog- 
ical interest  on  the  banks  of  the  Sas- 
katchewan. 

British  Assoc.  Adv.  Science,  Beport,  1887, 
pp.  714-715.    1888. 

Keferetice  to  coal  beds  and  other  members 
of  Oelly  River  series  near  Medicine  Flat  and 
near  Irving  Station.  Gives  table  suggesting 
equivalency  of  the  members  of  the  Ccetaceous 
in  the  northwest  territory  of  Canada  witli 
those  of  the  Missouri  region  and  western 
Europe. 

Places  of   geological  intere^it   near 


\ 


Medicine  Flat. 

Oanadian  Inst.,  Proc.,  3d  series,  t<»L  a,  pp. 
150-162.    1888. 

Sections  of  coal-bearing  series  near.  Medi- 
cine Flat  and  of  exposures  in  Irving  ravine, 
and  reference  to  their  stratigraphic  positions. 

ARKER,  Richard  A.    The  new  Micbi- 
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Ricliard  A. — Continued. 

Eng.  and  Mining  Jour.,  vol  46,  pp.  238-239. 
4^.    lWv8. 

Brief  description  of  geologic  relations,  and 
cit>fi8-sec:tion. 

PECHIN,  E.  C.    The  iron  ores  at  Buena 
Vista,  Rockbrid^re  Coant}^  Virginia. 

Eng.  and  Mining  Joar.,  vol.  48,  pp.  92-83. 
4,0.    1889. 

Includes  brief  citations  and  cross-section 
from  geologic  reports  by  J.  L.  and  F.  D. 
Campbell. 

Fennsylvania,    age     of     Philadelphia 
gravel,  Wright. 
anthracite  region,  Hill,  F.  A. 
antecedents  of  man  in  the  Potomac 

valley,  McGkr. 
Appalachian  strncture,  Maugafik. 
Archbald  pot-hole,  Ashbuunkk. 
a  river  pirate,  Davis,  W.  M. 
Bernice  anthracite  basin,  Claghorn. 
Cambria  Conuty,  Fulton.   Prosber. 

Harden. 
coal  section  at  Wellersbnrgli, Somerset 

County,  Lkslky. 
coal,  Ashbuknrr. 
coal  mining  at  Irwin,  Humphreys. 
Columbia  formation,  McGre 
cross-section  of  crest  of  the  Alleghany 

Mountain,  Fulton. 
Cumberland-Lebanon    Valley,   d*In- 

VILLIKRS. 

dictionary  of  fossils,  Leslrx^ 
early  man  in  Delaware  Valley,  Cbes- 

SON. 

fanna)  of  upper  Devonian,  Wil- 
liams, H.  S. 

four  great  sandstones,  Claypolb. 

''Field  of  rocks"  west  of  Philadel- 
phia, Martin. 

glacial  striie  in  Wyoming*  Lacka- 
wanna region,  Branner. 

glaciation ;  its  relations  to  the  Lack- 
awanna-Wyoming region,  Bran- 
ner. 

head  of  Chesapeake  Bay,  McGek. 

Lehigh  River  section,  Hill,  F.  A. 

WiNSLOW. 

lower  Carboniferous,  Stevenson. 

materials  of  the  Apiialachians,  Clay- 
polb. 

natural  gas,  Carlt^ 

northern  coal-field,  Hill,  F.  A. 

oil  and  gas,  Carll. 

petroleum  and  gas  in  New  York,  Ash- 
bdrkbr. 


Pennaylvania— Continued. 

Pittsburgh  coal  bed  and  its  disturb- 
ances, Wasmuth. 

Pittsburgh  coal  region,  d'Invilliers. 

pyrite  in  bituminous  coal,  Brown, 
A.  P. 

Radnor  township,  Delaware  County, 
Rand. 

rivers  and  valleys,  Davis,  W.  M. 

rocks  of  Philadelphia  and  New  York, 

^AND. 

Somerset  County,  Fulton.  Lesley. 
Prosser. 

slate  quarries,  Merrill,  G.  H. 

southern  anthracite  ooul  field  and  its 
disturbauoes,  Wasmuth. 

State  line  serpentines,  Chester. 

stratification  and  structure  in  anthra- 
cite, Wasmuth. 

structural  geology  of  Carboniferous, 
Wasmuth. 

three  formations  of  the  middle  Atlan- 
tic slope,  McGre. 

Trenton  gravels,  Abbott. 

terraces  and  bowlders  of  Aonthwest- 
ern  Pennsylvania,  White,  C.  A. 

types  of  Devonian  system  in  North 
America,  Williams,  H.  S. 

Waverly  group,  Bebcher. 

waterfalls,  base-levels,  Davis,  W.  M. 

Fennsylvania  Gheological  Survey,  Re- 
port for  1886. 

Geologic  map  of  southwest  Pennsyl- 
vania, d'Invilliers. 

Mining  methods  of  Westmoreland 
Coal  Company,  Humphreys. 

Oil  and  gas  region,  Carlt^ 

Paleozoic  plants,  Lesquerrux. 

Pittsburgh  coal  region,  d'Tnvilliers, 

Report  on  anthracite  region.  Hill, 
F.A. 

Lehigh  River  cross  section,  Wins- 
low.    Hill,  F.  A. 

Metallic  paint  along  Lehigh  River, 
Hill,  F.  A. 

Iron  mines  and  limestone  quarries, 
Cumberland-Lebanon  valley,  d'In- 

VILLIERS. 

Geology  of  Radnor  township,  Dela- 
ware County,  Rand. 
AtlaaAA. 

Eastern  middle  anthracite  field.  Hill. 
F.A. 

Northern  anthracite  field.  Hill,  F.  A. 

Boa  them  auUii«.<&\\A  <\«\^^^yla^^  .K. 
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Pennaylvania  G^eological  Sunrey,  Re- 
port for  1886 — ContiDued. 
Dictionary  of  foBsils  of  PenDsylvania, 
Lesley. 

Atlas  to  Reports  HH  and  HHH. 

Map  of  Cambria  County,  Fulton. 

Map  of  Somerset  Coauty,  Fulton. 

Columnar  section  of  coal  measures  of 
Cambria  County,  Fulton. 

Cross-section  through  crest  of  Alle- 
ghany Mountain,  Fulton. 

Coal  section  at  Wellersburg,  Lesley. 

Cambria  Conuty,  notes,  Fulton. 

New  mines,  Cambria  County,  Pros- 
8BR  and  Harden. 

New  mines,  Somerset  County,  Pros- 

8ER. 

PENROSE,  R.  A.  F.,  jr.    Nature  and 
origin  of  deposits  of  phosphate  of  lime, 
with  an  introduction  by  N.  S.  Shaier. 
XJ.  S.  OeoL  Sonrey,  Bnll.,  vol.7,  pp.  475- 
617,  pie.  Mil.  No.  46.    188& 

Inolodes  descriptions  of  the  occurrence  and 
(reologio  relations  of  the  apatite  deposits  of 
Canada  and  of  the  phosphates  of  Soalh  Caro- 
lina, North  Carolina,  Alabama,  Martha's 
Vineyard,  and  Florida.  Also  descriptions  of 
Enropean  deposits  from  Tarioos  anthorilics. 

Report  of  geologist  for  eastern  TexaH. 

Texas,  Geol.  and  Mineralogical  Snnrey, 
First  Report,  1888,  pp.  54-60.    1889. 

Abstract.  Geol.  and  Sci.,  Bnll.,  vol.  1> 
March,  1889,  i  col. ;  Jan.,  1889,  |  col. 

An  account  of  the  Tertiary  iron  ores  and 
lignites  in  Marion,  Cass,  Smith,  Cherokee,  and 
Van  Zandt  counties. 

Notes  on  certain  building  stones  of 

east  Texas. 

aeol.  and  Sci.,  Bull.,  vol  1,  March,  1889,  { 
ool.,  40. 
Science,voL  13,  p.  295,  f  col.    1889. 
Ifotice  of  several  sandstones  and  referenc® 
to  their  stratif^phio  positions. 

See  HILL,  Robert  T.,  and.  Upper- 
most Cretaceous  beds  of  the  eastern 
and  southern  United  States. 

Peoila  Scientific  Association,  Bulle- 
tin, vol.  1. 
Geology  of  Peoria    County,    Chap- 
man. 

PERR7,  Nelson  W.  The  Cincinnati 
rocks :  What  has  been  their  physical 
history  ? 

Am.  Geologist,  vol.  4,  pp.  326-336,  2  plates. 
1888. 

Abstract,  Am.  Jonr.  Sol. ,  3d  scries,  vol.39, 
p.  70,  ip.    1890. 

DUoassiOQ  of  conditions  of  deposition . 


Petrography. 

Alaska^  ore  of  Tread  well  mine,  AdaMS. 
Jrizonaf  primary  quartz  in  basalt.  Id- 
dings. 
felsite  porphyry,  Wkndt. 

Arkan9€ni,    Pike    County   pezidotite, 

BUACKETT. 

California^  building  stones,  Jackson. 
California  rocks,  petrographic  nutes, 

SCIIUSTRK. 

litholo^y  of  wall  rocks,  Attwood. 
Mono  County,  Whiting. 
■  Obsidian,  Iddinos. 
primary  qnarte  in  }iasalt,  Iddings. 
quartz  basalt,  Dillrr. 
quicksilver  regions,  Becker. 
texture  of  massive  rocks,  Bkckbr. 

Can€tda,  diabase  dikes  of  Rainy  Lakes, 

Lawson. 
drift  of  central  Ontario,  Coleman. 
gneiss    bowlder    in    Halifax    coal, 

Spencer.    James. 
Huronian  near  Sudbury,  Bonne r. 
Michipiciton  Bay,  Herrick.     Tight 

and  JoN£8. 
original  Huronian  region,  Winchell, 

A.     WiNCHELL,  N.  H. 

region  west  of  Lake  Superior,  Law- 
son. 

rocks  containing  scapoIit«,  Adams 
and  Lawson. 

Classification ^  synopsis  of  Kosenbusch's 
new  scheme,  Bayley. 

Colorado,  eruptive  rocks  from  Custer 
County,  Cross. 

eruptives  of  Leadville  region,  Cross. 

paramorphic  origin  of  certain  min- 
erals. Cross. 

phonolite,  Cross. 

primary  quartz  in  basalt,  Iddings. 

rocks  of  Leadville  region,  analyses, 
Hildebrand. 

Connecticut,  traps  of  Connectiout  val- 
ley, Davis  and  Whittle. 

Hawaiian  Islands,  Dana,  Yi,  S. 

Kentucky,  peridotite  of  Elliott  County, 

DiLLER. 

Maine,  enlargement  of  augites  in  peri- 
do  tites  from  Little  Deer  Island, 
Merrill,  G.  H. 

Maryland,  mineralogy  of  Maryland, 
WlLUAMS,  G.  H. 

Baltimore  gabbros,  Williams,  G.  H. 
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Petrography— Continued. 
Marylaud—Cont'inned. 
paragene^is  of  allanite  and  epidote, 

HODDS. 

rocks  near  Ilcheeter,  Hodbs. 

MawachusetiSy  dike  of  diabase  in  Bos- 
t<}ii  basin,  Hobus. 
Essex  r«gion,  Sbars. 

Michigan,  nietamorpbism  of  ernptives 
on  south  shore  of  Lake  Superior, 
Williams,  6.  H. 
northwestern,  Wincubli*,  A.    WiN- 
CHBLL,  N.  H. 
Minnenoia,    northeastern,    Winchell, 
A.    Winchell,  N.  H. 
granites   of  the   Northwest,    Hall, 

C.  W. 
northwestern  Minnesota,  Winchell, 

H.  V. 

some  norytes  and  gabbros,  Hekkick. 

Clakke  and  Drming. 
spotted    rocks   from    Pigeon    Point, 

Bay  ley. 
Trenton  limestone,  Hall,  C.  W. 

M%990uriy  Archean  geology,  Ha  worth. 

Nevada f  Obsidian,  Iddings. 

primkr^r  qowrtz  in  banal t,  IDDINOS. 

Steamboat  Springs,  Bkckkk. 

Ntw  Jersey f  porphyrite  of  northwestern, 
New  Jersey,  Kkmp. 

texture  of  massive  rocks,  Bkckei:. 

serpentines  of  Montville,   Merriix. 
G.  P. 
New  York,  Camptonito  dike,  Washing- 
ton County,  Kbmp  and  Mahsters. 

contact  metamorphisni  produced  by 
Cortlan<lt  series,  Williams,  6.  H. 

Cortlandt   rocks,    Callaway. 
Hammer.    Wiluams,  G.  H. 

dikes  of   Hudson  River   Highlands 
Kemp. 

diorite  dike  at  Forest  of  Dean,  Kemp. 

Eozoonal  rock  of  Manhattan  Island, 
Grata  CAP. 

gabbros  and  diorites  of  the  Cortlandt 
series,  Williams,  G.  H. 

kersantito  at  Croton  Newberry. 

norytes  of  the  Cortlandt  series,  Wil- 
liams, G.  H. 

Rosetown  extennion  of  the  Cortlandt 
series,  Kemp. 

serpentines  of  Statcn  Uland,  Grata- 
CAP.     Britton. 

serpentine  of  Syracuse,  William8,G.H. 


Petrography—Continued. 
North  Carolina,  norytes  and  gabbros, 
Herrick.    Clarke  and  Demino. 
peridotite,  Clarke. 

Oregon,  Nickel  Mountain  (peridotite), 
Clarke.    Merrill,  G.  P. 

Penwfylvania,  serpentine  of  southeast- 
ern, Chester. 

Rhode  Island,  great  dike  at  Paradise, 
Crosby  and  Barton. 

South  America,  Brazil,  monazitein  rooks, 
Derby. 
Fernando     Noronha,      petrography, 

Gill.    Wiluams,  G.  H. 
Pern,     aodesite,    Cerro     de    Pasco^ 

Hodges. 

South    Carolina,    contact    phenomena, 
Richards. 

Utah,    Henry    Mountain   laceolites, 
Cross. 

IVieeonein,  enlargement  of  hornblende 
and  angite,  Van  Hise. 

Wyoming,   Obsidian  clifT,   Yellowstone 

Park,  Iddings. 
leuciterock,  Absaroka  range,  Hague. 
lithophysse  and  lamination  of  acid 

lava«,  Iddings. 

Philadelphia,    Academy    of   Natural 
Sciences,  Proceedlnga,  1887. 

Classification  of  post  -  Cretaceous, 
Heilprin. 

Artesian  well  at  Atlantic  City,  Wool- 
man. 

Ages  of  rock  deposits,  Heilprin. 

Miocene  nioUusca  of  New  Jersey, 
Heilprin. 


1888. 


Formation  of  rock-salt  beds,   OcH- 

SENIUS. 

Fauna   of  lower    coal    measures  of 
central  Iowa,  Kbyes. 

—  1889. 


Sand    dunes   of   Lewes,    Dnlawaro, 

ROTHROCK. 

Gasteropod   from  Burlington,  Iowa, 
Keyes. 

PHILLIPS,   W.  B.      Mica    mining    in 
North  Carolina. 

Eng.  and  Mining  Jour.,  vol.  45,  pp. 286, 306, 
307.  322. 334, 382-383. 398, 4 1 8.  4::6.    40.     1888. 

Elisha  Mitchell  Sci.  Soc.  Jonr.,  1888,  part  S, 
pp.  73-97.    :896. 
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PHIUbIPS,  W.  B.^Continueil. 

8ci.  Am.,  Sapt..  roL  26.  p.  10149,  Xo.  854 :  pp. 
lOMS-lOMS,  No.  «W;  pp.  10471-10473,  No.  656; 
folio.     1888. 

iDclodei)  references  to  the  jseolosy  to  the  age 
of  the  rocks. 


",  A.  J.  Henry  County  and 
portions  of  Randolph,  Wayne,  and 
Delaware. 

Indiana.  Department  of  Geol.  and  Nat. 
Hist. ,  Fifteenth  Report,  1886,  pp.  97-1 16.  1686. 

Describes  an  oorcrvp  nf  Nia:;»ra,  evidences 
of  facial  lakes  ami  rivet  chaiineU.  theka*nes, 
osars,  moraine,  and  bowlder  tract.  Discnsses 
the  origin  and  history  of  the  various  glacial 
phenomena. 

[Natural  gas  in  Indiana.] 

n.  S.  Geol.  Sorref,  Bfineral  Resonrces, 
1887,  pp.  485-489.     1888. 

From? 

Inolades  a  description  sod  discussion  of  the 
relations  of  tbe  Ciacinuiiti  arch  in  Indiana. 

FINKHAlff,    Henry     M.       The    Lake 
Superior   copper  properties,  pp.    102, 
map,  Boston.     1889. 
Net  seen. 

Pleistocene 

Arizona,  Phoenix  mine,  Ricketts. 
JrkansaSf  Pike  County,  Bkannrr. 
Neoasoio    geology    of    southwestern 

Arkansas,  Hill,  R.  T. 
Brazil,  Quaternary  deponitsand  uplift, 

Mills. 
Sergipe  AlagAas  region,  Brannkr. 
California^   agriculture  and  lute  Qua- 
ternary geology,  HiLGARD. 
across  llio   Santa  Barbara  chfinuel, 

Fkwkks. 
(.'alifornia  by  counties,  Ikelan. 
coast  region,  Lf.  Contk. 
drift  mining,  Dunn. 
dry  lakes,  Jennky. 
fossils,  Cooper. 
glaciation  of  eastern  flanks  of  Sierra 

Nevada,  Am.  Geologist. 
Hanksite,  Hanks. 
Inyo  County,  Goodyear. 
Kern  County,  Haggin. 
Lake     Laboutau,    Russell,    1.    C. 

Science. 
Los  Angeles  County,  Goodyear. 
Mono  County,  Whiting. 
natural  gas  region,  Weber. 
petroleum,   aspliaUum,   and  gas  re< 

giuuM,  Goodyear, 


Pleiatocene — Con  tinned . 
Calt/onHo— Cont  inned . 
San    Diego    County,    Goodyear. 

Hanks. 
San  Bernardino  County,  Goodyear. 
Tulare  County,  Goodyear. 
Ventnra  Connty,  Bowkrs. 
Canada,  age  of  Niagara  River,  Spknckr, 
J.  W. 
ancient  shore  line  near  Toronto,  Ivk.<*. 
another  old  channel  of  the  Niagara, 

SCOVELL. 

Anticosti  shell  marl,  analysis,  Adams. 

Arctic  currents  as  factors  in  Canadian 
geology,  Gasking. 

At-ta  wa-pish-kat  and  Albany  rivers. 
Bell. 

Baffin  land.  Boas. 

British  Columbia,  glaciation.  Bow- 
man.   Dawson,  G.  M. 

changes  of  level  of  the  Great  Lakes, 
Gilbert. 

central  plateau  of  northwest  Canada, 

T^'BRELU 

continental  glaciation,  Dawson,  J. 
W.    Drummond.    Ricuardson. 

distribution  and  geologic  history  of 
British  North  <  American  plants, 
Drummond. 

drift  north  of  Lake  Superior,  Spen- 
cer, J.  W. 

geology  of  Mankato,  Bechdolt. 

glaciation  of  eastern  Canada,  Chal- 
mers. 

glaciation  of  high  r>oint-s  in  British 
Columbia.  Dawson,  G.-M. 

Great  Lake  basins  of  Canada,  Drum- 
mond. 

glacial  bowlders  of  our  fisheries, 
Hoxeyman. 

glaciation  of  high  points  in  British 
Columliia,  Daw^son,  G.  M. 

Hudson  Bay,  Bell. 

Labrador,  cruise  t»  northern,  Pack- 
ard. 

Labrador,  physical  geography,  Pack- 
ard. 

Labrador^  Ungava  district.  Turner. 

Lake  Winnipeg  to  Hudson  Bay,  Low. 

lecture  on  geology,  Klls. 

1  i  fe  h  istory  o  f  Ni  agara  Falls,  Pohlman. 

Manitoba  prairies,  Drummond. 

Manitoba,  borings,  Dawson,  G.  M. 

Mauitoba,    Winnipeg    district,    Mc- 

CUAULBS, 
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Pleistocene— Contin  ued. 
Canada — Cod  tin  ued. 
Mauitoba,    Bed    River  Valley,   Mc- 

Charlbs. 
Medicine  Hat,  Panton. 
New  Brunswick  and  Qaebec,  Chal- 

IIIEKd* 

New  Brnnswiok,   Hailbt  and    Mc- 

Innes.    Chalmers. 
North   of  Vermilion    Lake,   British 

Columbia,  CoMSTOCK. 
northern  Alberta,  Tyrrell. 
northern  part  of  the  Dominion  of 

Canada,  Dawson,  G.  M. 
Nova  Scotia,  Aylenford,  Honetman 
Nova  Scotia,  glacial  geoloj^y,  Honey 

MAN. 

Nova  Scotia,  Gnysborougb,  Antigo 

nisb,  <and  Pic  ton,  Fletcher. 
Nova   Scotian   superficial    geology 

HONKYMAN. 

old  shore  lines  in  the  Ontario  basin 
Gilbert. 

origin  of  some  features  in  Canada 
Bell. 

Ottawa  clays  and  gravels,  Bowman 

Ottawa,  vicinity  of  govern meut  farm 
Ami. 

Ottawa  region,  Aml 

Ontario,  petrography  of  drift  of  cen- 
tral, Colbman. 

Ontario,  Brant  ford  landslide,  Spen- 
cer, J.  W. 

Ontario,  petroleum  field,  Bbll. 

Pacific  coast,  Wright. 

Pleistocene    at    Riviere    Beaudetlo, 
Dawson,  J.  W. 

portions  of  eastern  townships.  Ells. 

relations  of  Canadian  to  European 
geology,  Dawson,  J.  W. 

Russell    and    Cambridge,    Ontario, 
Craig. 

St.  Lawrence  basin  and  the  Great 
Lakes,  Spencer. 

Selkirk    range,    British    Columbia, 
Green. 

the  Iroquois  beach,  Sprncrh. 

Vaucouver  Island,  Dawson,  G.  M. 

western      Ontario,     Winciiell,     A. 
WiNCHELL,  N.  H. 
Central  America,  Nicaragua,  Brinton. 

Honduras,  Nabon. 
Colorado^  Aspen,  Brunton.    Emmons, 
S.  F.    Lakes. 

Cimarron  landslide,  Cross. 

Denver  basin,  Cantton.    Cross. 


I 


Pleistocene— Continued. 
Co2«ra(2o— Con  tinned. 

field  for  research  in  Booky  Mountains, 
Hills. 

glaciers    in    the  Bocky  Mountains, 
Emmons,  S.  F. 

infusorial  earth  in  Denver,  Headden. 

Leadville  region,  Emmons,  S.  F. 

Ouray  County,  Kbdzie. 

Trinidad  coal  region,  Lakes.    . 
Connecticuty  great  bowlder  at    Wood- 
bridge,  Hubbard. 

topographic  development  of  Connec- 
ticut valley,  Davis,  W.  M. 
Dakota,  beaches  and  deltas  of   Lake 
Agassiz,  Upham. 

Black  Hills,  Carpenter.    Crosby. 

continuance    of     Lake     Cheyenne, 
Todd. 

fossil  plants  and  origin  of  prairies, 
Leiberg. 

glacial    boundary    in    soutLeastern 
Dakota,  Wright. 

glacial  geology,  Chamberlin,  T.  C. 

terraces  of  the  Missouri,  Todd. 
Europe,   terminal   moraines   in    North 
Germany,  Salisbury. 

Irish  Esker  drift,  Kin  ah  an. 
Florida,  Dall.    Heilprin.    Kost. 
Idaho,  glacial  geology,  Chamberlin. 

deep  well  at  Nam  pa,  Wright. 
IlHnoie,  driflless  area,  Chamberlin, 
T.  C.  Chamberlin  and  Salisbury. 

forest    bed    beneath    intra-morainio 
drift,  Lever btt. 

ghu;ial   phenomena  in  northeastern 
Illinois,  Levrrbtt. 

loess  and  clay  analyses,  Biogs. 

Peoria  County,  Chapman. 

raised   beaches   of   Lake  Michigan, 
Lkvbrett. 
/niiiana,  erosion,  Scovell. 

glacial  phenomena  in  northern  Indi- 
ana, Leverett. 

implement  in  drift,  Cresson. 

origin  of  loess,  Campbell. 

geologic  report,  Brown.  Gorby  and 
Lee.    Puinney.     Thompson,  M. 
Thompson,  W.  H.,  and  Ler. 
Iowa,  Johnson  County,  Keyes. 

driftless     area,    Chamberlin     and 
Salisbury. 

glacial  geology,  Chamberlin,  T.  C. 

glacial  flow,  Webster. 

loess  and  clays,  *AWjA^^*i%,  ^vi^'^. 
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flooUiMwtoni  Iowa,  Gordon. 
Miperfieial  deposits  of   Dortbeastem 

Iowa,  McGkk. 
sarOsce     geology     of     BariiDgtoo, 


topographic   tjpes   in    noitlieasteiii 
Iowa,  McG«. 

well  at  I>aTenpori,  TiTTAirr. 
KamtoM,  sootbeastern,  8t.  Johv. 
Kmtmekjf,    Jackson    pnrchase    leipoD, 

LOUGHHIDGK. 

termiDal  moraiDe  near  LoaisviUe, 
Bbtsoh. 

Mason  Connty,  Lixxky. 

western  Kentacky,  Proctor. 
LouUianat    iron    region    of    oorthero, 

Johnson. 
Maine,  analysis  of  clay  from  Farming- 
ton,  liOBINSOK. 

glaciation  in  mountains,  Upham. 

Monnt  Desert  region,  8halkr. 

osar,  gravels  and  moraines,  Ciiam- 
BKRLIN,  T.  C. 

terminal  moraines.  Stone. 
Maryland,  associated  with  Albinipean 
formation,  Uhlbr. 

antecedents  of  man  in  the  Potomac 
Talley,  McGee. 

Columbia  formation,  McGee. 

bead  of  Chesapeake  Bay,  McGee. 

infusorial  earth,  Day. 

southern  counties,  Clarke. 

three  formations  of  the  middle  Atlan- 
tic slope,  McGer. 
MassaehtiaeiUy  Bristol  County,  8haler. 

Connecticut  glacial  lake,  Emerson. 

Cohasset  pot  holes,  Bouv^.    Upham. 

Essex  region,  geologic  notes,  Sears. 

Gay  Head,  Merrill,  F.  J.  H. 

geological  recreation  in  Massachu- 
setts centre,  Honbyman. 

Hampshire  County,  Emerson. 

Martha's  Vineyard,  Shaler. 

Nahant,  Lane. 

Nantucket,  Shaler. 

old  beaches  near  Boston,  Davis,  W.  M. 

outer  islands  of  Boston  Harbor, 
Crosby. 

report  on  glacial  geology,  Cham  Ber- 
lin, T.  C. 

shells  iu  till  near  Boston,  Upham. 

strncturoef  driimliuB,  Upham. 

0WBmp8  of  ^ow  England,  Shaler. 


^OD  tinned. 
Meaner,  drainage  of  the  Talley  of  Mex- 
ico, Chisx. 
getdogy  of  Baja    California,  Lenik 
grkn. 
Mieki^m,  Uke  beaches  of  Ann  Arbor, 
Woolbridgk. 
nortiiwestem  Michigan,  Wincbkll, 

N.  H. 
post  glacial  geology  of  Ann  Arbor, 

Woolbridgk. 
raised  beaches  of  Lake    Michigan, 


river  bike  system  of  western  Michi- 
gan, Woolbridgk. 

Minnaoia,  driftleas  area,  Chamberun 
and  Sausburt. 

falls  of  the  Mississippi,  Kkybs,  J.  A. 

geology   of   Minnesota,    Winch  ell, 
N.  H. 

geologic  conditions  for  artesian  wells, 
Haix,C.  W. 

geology  of  (central)  counties,  Upham. 

glacial  moraines  Minnsota,  1>ham. 

ice  cnrrents  in  eastern  Minnesota, 
Upham. 

maps  of  Minnesota,  Upham. 

northern  Minnesota,  Winchsll,  A. 

Minneapolis  and  St.  Paul,  Hall,C.  W. 

northeastern  Minnesota,  Winchell, 
N.  H. 

northwestern  Minnesota,  Winchell, 
H.  V. 

recession  of  ice  sheet,  Upham. 

Stillwater  deep  well,  Mrades. 

Vermilion  Lake  region,  Winchell. 
N.  H. 

Wabasha,  Goodhne,  Dakota,  Henne- 
pin, Ramsey,  and  Washington 
counties,  Winchell,  N.  H. 

Missurippi,  loess  and   clays,  analyses, 

RlGGS. 

Misaouri,  glacial  geology,  report,  Cham- 

BERLIN,   T.  C. 

loess  and  clay,  analyses,  RiGGS. 

hummocks  and  bowlders  of  decompo- 
sition, Spencer,  J.  W. 

Macon  County,  McGee. 

sand    bowlders    in   drift,    Spencer, 
J.  W. 
Montana,  Gallatin  region,  Hayden. 

glacial  geology,  Chamberlin,  T.C. 

volcanic  ash,  Merrill,  G.  P. 

volcanic  ash,  analysis,  Ci^rke,  F,  W, 
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Pleistocene — Con  ti  n  iied . 
yebraakaf  clay  from  Pine  and  Cherry 

counties,  Rked. 
con  tin  nanco  of  Lake  Cheyenne,  Todd. 
diatoniacoous  earch,  Hicks. 
fossil  bone  in  well  at  Lincoln,  Am. 

Gkolooist. 
geyserite,  Hicks. 

glacial  geology,  Chambeklin,  T.  C. 
green  quartzite,  ToDi>. 
marl    from    Cheyenne   County,   Am. 

Gkologist. 
peat  bed  in  Loup  Connty,  Russell, 

F.  VV. 
soils,  Hicks. 

terraces  of  the  Missouri,  Todd. 
volcanic  ash,  Merrill,  G.  P. 
volcanic  dust,  HiCKS. 
volcanic  dust,  anat3'sis,CLARKR,  F.  W. 
well  at  Lincoln,  Russell,  F.  W. 
well  in   Pawnee    County,   Russell, 

F.  W. 

NtvadUf  age  of  Equus  beds,  Copr. 
dry  lakes,  Jbnnry. 
Lake  Lahontan,  Russell,  I.  C.    Sci- 
ence. 

Netv   Hampshire^   glaciation  of  moun- 
tains, Upham. 

New  Jersey y  base  levels  in  Trias  and  Ar- 

chean,  Davis,  W.  M. 
boring  at  Atlantic  City,  Woolman. 
Columbia  formation,  McGre. 
geologte  map,  Cook. 
map  of  vicinity  of  New  York  city, 

Martin. 
Paleolithic  man  in  America,  Trenton 

region,  McGee. 
Trenton  gravels,  Abbott. 
wells,  artesian,  Cook. 
yellow  gravels,  Cook.    Merrill,  F. 

J.  H.    Britton. 

New  York,  changes  of  level  of  the  Great 

Lakes,  Gilbert. 
cutting  at  Croton  Point,  Warring. 
falls  of  rock  at  Niagara,  Clavpolr. 
glaciation  of  mountains,  Upham. 
Great  Lake  basins  of  St.  Lawrence, 

Drummond. 
Iroquois  beach,  Spencer,  J.  W. 
life-history  of  Niagara  Falls,  Pohl- 

man. 
Long    Island,   beaches    on    southern 

side,  Bryson. 
Long  Island,  {jjeology,  Dana,  J.  D. 


Pleistocene — Continued. 
New  York — Continued. 

Long  Island,  well  hole  on  south  side, 
Bryson. 

LongIslaud,Woodham  we11,LEWis,E. 

Long  Island,  Woodhaven  well,  Bry- 
son. 

Manhattan  Island,  Kemp. 

map  of  vicinity  of  New  York  city, 
Martin. 

prehistoric   hearth  in  western  New 
York,  Gilbert.  < 

St.  Lawrence  basin  and    the  Great 
Lakes,  Spencer,  J.  W. 

sink  holes  at  Attica,  Clarke. 

Staten  Island  well  borings,  Britton. 

Staten    Island,    Oriskany    bowlder, 
Gratacap. 

Staten  Island  drifts,  Britton. 

Staten  Island  drift,  fossils,  Gratacap. 

Staten  Island,  leaf  in  sandstone   in 
drift,  HoLLiCK. 

Staten  Island,  modified  drift,  Brit- 
ton. 

yellow  gravel,  Britton. 

Nomenclature,  Hilgard.     Newberry. 
Whitfield.    Winchbll,  A. 
report  of  subcommittee  of  Interna- 
tional Congress,  Hitchcock. 
report  on  Cenozoio,  Cook. 

Ohio,  age  of  gravel  beds,  Wright. 
ancient  channel  of  the  Ohio  at  Ciu- 

cinati,  James. 
bowlders  along  Appalachian  rivers, 

White,  I.  C. 
drift,  Orton. 
drift  in  the  vicinity  of  Cincinnati, 

BURKB. 

geology  of  Cincinnati,  Jambs. 
Ivorydale  well.  Jambs. 
lake  age,  Claypolb. 
southwest  Ohio,  Jambs. 
subterranean  commotion  near  Akron, 

Claypouc. 
well  records,  Orton. 

Oregon,  infusorial  earth.  Day. 
Lake    Lahontan,     Russell,     I.    C. 

Science. 
surface  geology  of  southern  Oregon, 

BiDDLB. 

western,  Lang. 

Pennsylvania,  age  of  Philadelphia  red 
gravel,  Wright. 
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Pleistocene — Continaed. 
Penusjflvauia — Ooottnoed. 

a  river  pirate,  Davis,  W.  M. 

bowlders  along  Appalachian  rivers, 
White,  I.  C. 

Colnrabia  formation,  McGfr. 

**  field  of  rocks "  went  of  Philadel- 
phia, Martin. 

early  man  in  the  Delaware   valley, 
Crrsson. 

glacial  stride  in  Wyoming-Lacka- 
wanna region,  Brannkr. 

Lehigh  river  section.  Hill,  F.  A. 

potholes  at  Archbald,  Dana,  J.  D. 

Radnor  township,  Delaware  County, 
Rand. 

rivers  and  valleys,  Davis,  W.  M. 

waterfalls— base  levels,  Davis,  W.  M. 

Snsqnehanna  valley,  Bashore. 

Rhode  Islandf  bowlder  train,  Chambbr- 

LIN,  T.  C.      SUALBK. 

geology  of  Rhode  Island,  Provi- 
dence Franklin  Sociktv. 

TexaSf  drift  at  GaiiiHville,  Ragsdale. 
geology  of  Texaa,  Hill,  R.  T. 
Haldeman  County,  J.  T.  W. 
iron  region  of  eastern  Texas,  John- 
son. 
Rio  Grande  valley,  Owen. 
story  of  Colorado  River,  Hill,  R.  T. 
western  Texas,  Hill,  R.  T. 

Vermont,  Caniers  Hump  and   Lincoln 
Moantaiu,  Upham. 
glaciation  of  mountains,  Upham. 

Virginiay  Columbia  formation,  McGer. 

Oriskany   drift    near    Washington, 

Curtice. 
southwest  Virginia,  Stevenson. 

iraahingtoHf  Puget  Sound  region, 
Wright. 

Went  Virginiay  bowlders  along  Appa- 
lachian rivers,  White,  I.  C. 

Wiscoftsin,  drift  less  area,  Chamberlin, 
T.  C.  Chamberlin  and  Salisbury. 

falls  of  the  Mississippi,  Kkvks,  J.  A. 

glacial  geology,  Chamberlin,  T.  C. 

loess  aud  clays,  analyses,  Riggs. 

raised  beaches  of  Lako  Michigan, 
Lever  liTT, 

Wyoming,  geologic  history  of  Yellow- 
stone Park,  Hague. 
report  of  Territorial  Geologist,  Rick- 
KTra. 


Pleistocene — Continoed. 

Unelaeeified,  antiqoity    of   man,    Am. 
Geologist. 
changes  of  level  of  the  Great  Lakes, 

GiLBKRT. 

distribution  of  certain  loess  fossils, 

Kbyes,  C.  R. 
eccentricity  theory  of  glacial  cold, 

Claypole. 
eflects  of  pressure  of  a  continental 

glacier,  Winch ell^  A. 
extra-moraiuic     lakes     and     clays, 

Lewis,  H.  C. 
fence- wall  geology,-  Fobrstk. 
glaciers-  and  glacial  radients  in  the 

ice  age,  Claypole. 
glacial  origin  of  cliffs,  Davis,  Wm. 
Holst^s  studies    in   glacial  geology, 

Lindahl. 
H.  C.  Lewis  aud  his  work  in  glacial 

geology,  Upham. 
ice  age  iu  North  America,  Wright. 

Davis,  W.  M. 
ice  phenomena.  Bell. 
interior  North  America,  Cope. 
on  the  manner  of  deposit  of  glacial 

drift.  Hay,  R. 
origin  of  loess,  Newberry. 
reports,  division  of  glacial  geology, 

U.  S.  Geological  Survey,  Chamber- 
lin, T.  C. 
rock  scorings  of  the  great  ice  inva- 
sion, Chamberlin,  T.  C. 
swamps  of  New  England,  Sualer. 
terraces  of  the  great  American  lakes, 

Kinahan. 
the   ice   age    in    North    America, 

Wright. 
three  formations  of  Middle  Atlautie 

slope,  McGeb. 
warping  of  earth's  crust  and  origin 

of  lake  basins,  Spencer,  J.  W. 

POHLMAN,  Jnlius.    Cement  rock  and 
gypsum  deposits  in  Buffalo. 

Am.  Inst.  Mining  Engineers,  Trans.,  toL 
17,  pp.  250-253.    1889. 

Statements  in  regard  to  geologic  liorison  of 
the  depofiitA.  and  record  of  7.'5foot  Imring 
thruQgb  upper  Silurian  llmeatoneH. 

The  life- history  of  Niagara. 

i  Am.  Inst.  Mining  Engineers,  Trans.,  vol, 

]  17.  pp.  322-338.    1889. 

i  Abstract^  Eng.  and  Mining  Joor.,  vol.46, 

I  282-283,  I  ool.    4°.    1888. 

I  A  general  disonsnion  of  the  reUtioDs  aad 
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POHLMAN,  JuliuR—Cnn tinned. 

history  of  the  draina^o  aud  topoicraphy  of  the 
Niagara  River  n'f{tuii. 

P0MBR07,   Richard   A.      Tbe    Petite 
Anso  salt  mine. 

Eng.  and  Mining  Jonr.,  vol.  46,  pp.  280-281. 
4^.     1888. 

Sci.  Am.  Snpt ,  vol  26,  pp.  10719-10720.  No. 
671.    Folio.    1888.  / 

Am.  Inst.  Mining  Engineers,  Trans.,  vol. 
17.  pp.  107-113.    1889. 

Includes  a  brief  refereuce  to  the  geologic 
relations ;  gives  Hilgard's  seotion. 

POND,  Edward  J.    A  Cretaceous  river- 
bed. 

Science,  vol.  9,  pp.  536-^7.    1887. 

Describes  and  figures  the  section  at  San 
Marcos.  Texas,  iu  which  iDtr.vCretac«ouH  un- 
conformity is  indicated  by  a  supposed  ancient 
river-bed.  DiHcnsses  history  of  some  associa- 
ted drainage  features. 

POOLE,  Henry  S.     Ice  iu  the  Carbouif- 
eroas  period. 

Nova  Scotian  Inst.,  Proc.,  voL  7,  pp. 202- 
204.    1889. 

An  account  of  pebbles  in  the  coal  measures 
of  Cape  Breton,  and  discussion  of  their 
origin. 

Popular  Science  Monthly,  voL  31. 
Falls  of  the  Miasisstpply  Keyks. 
Glacial  lake  and  island  of  Cincinnati, 

Jamrs. 
North  American  lakes,  Kinlry. 
Textnre  of  massive  rocks.  Bkckrr. 

vol.  33. 

Geological  tourist  in  Europe,  Lanr. 
Paleolithic  man  in  America.  McGrr. 

vol.  34. 


The  name  Silurian  iu  geolo^^y,  Dana. 

POST,  George  E.  The  physical  geogra- 
phy and  geology  of  Syria  and  Pales- 
tine. 

New  York  Acad.  Sci.,  Trans.,  vol.  7,  pp. 
166-178.     1888. 

Description  of  the  more  prominent  geologic 
features. 

POWBIiIa,  J.  W.  Communication  on 
the  American  Report  of  the  Interna- 
tional Congress  of  Geologists. 

Am.  Jour.  Sci. ,  8d  series,  vol.  36,  pp.  476a- 
476«.    1888. 

Calls  attention  to  the  misuse  of  his  name  in 
the  report  of  the  American  committee,  dis- 
cusses the  purpose  of  the  convention,  and 
gives  an  abstract  of  his  report  to  the  commit- 
tee on  the  Qaateniary. 


POW^IiL,  J.  W.— Continued. 

[On  the  claflsification  and  nomen- 
clature of  pre-Cambrian  formations, 
and  the  work  of  the  International  Con- 
gress.] 

International  Congress  of  Grsologists,  Am. 
Oommittee  Reports,  1888,  A,  pp.  65-66. 

[ ]  Prevention  of  floods  in  the  lower 

Mississippi.     1888. 

Science,  vol.  12,  pp.  85-87.    1888. 

Includes  references  to  conditions  affectiuf; 
the  transportation  and  deposition  of  sediments 
in  the  Mississippi  RWer  aud  in  general. 

Major  Powell's  Report — Operations 


of  the  National  Survey — Yellowstone 
Park — Atlantic  Coast  work — Archean 
geology — Glacial  geology — Appalach- 
ian geology — Classification  of  soils. 

Science,  vol.  12,  pp.  US-ISO.    1888. 
Abstract  of  report  for  1887- '88  to  the  Secre- 
tary of  the  Interior. 

The  laws  of  hydraulic  degradation. 

Science,  vol.  12,  pp.  220-233.    1888. 
Read  to  National  Academy  of  Sciences,  1888. 
Definition  of  conditions  of  transportation, 
oorrasion,  and  deposition. 

PROCTOR,  John  K.  Kentucky  geolog- 
ical survey.  Report  of  progress  of  the 
survey  from  January,  1884,  to  January, 
1886,  20  pages.     Frankfort,  1886. 

Administrative  aud  economic  report.  States 
subdivisions  of  formations  in  western  part  of 
the  State. 

Kentucky  geological  survey.   Report 

on  the  progress  of  the  survey  for  the 
years  1886  and  1887,  38  pages.  Frank- 
fort, 1887. 

Descril^es  the  extent  and  character  of  some 
of  tbe  coal  beds ;  calls  attonlion  to  the  occur- 
rence of  Oriskany  iron  ores  in  the  eastern 
part  of  the  State ;  refers  to  other  ore  bodies, 
and  gives  some  general  information  in  regard 
to  the  geology  of  the  State  and  the  geologic 
work  of  the  survey. 

The  mineral  resources  of  Kentuckv. 


Eng.  and  Mining  Jour. ,  vol.  41.  pp.  372-376. 
40.    1887. 

Descriptions  of  the  coal  fields  and  iron  ores. 
G>«ologic  map,  and  cross-section  of  Kentucky. 

—  The  mineral  resources  of  Tennessee. 


Eng.  and  Mining  Jour.,  vol.  45.  pp.  21-2*2. 
40.    1888. 

Reference  to  Oriskany  and  Clintou  iron-ore 
beds  in  northeast  Tenne8.see  and  southwest 
Virginia,  brought  up  by  Pine  Mountain  fault 
in  Kentucky. 
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A    G. 


OQ  ihft  Dev 


:«•   :   :i  :^ 


HHa.«4HHH,pfL: 


—  uhI  HARDEV,  Oliver  B.  Xotoi on 
tlw  new  iDiEi^si  aiong  tbr  PeoDATlrania 
railroAd  [Caiubna  CoautT]. 

PcBBS/iraiiisi.   6«oL    Svrwf,   aflaji  t*  to- 

•WOmnm.  ChaHcs  S.  .S^ciloo  «  r  tbe 
lower  Devobian  ao«l  iir»r*tf>r  Silurian 
strata  in  central  Xew  York,  aa  fth«jVD 
bj  a  deep  well  at  Momsrilie.  [Ab- 
atract.] 

Ajb.  a  mot.  Adr.  ScL,  Proc.,  toL  X.  pp. 
3a9-3W.     1>9S8. 

CotamiMU-  MTCtkm.  aad  •ome  Mi2|;c«lioQs  ia 
repud  t»  lM*riz4iB  of  •bmc  of  Ui«  bed*. 

—  The  apper  Hamiltoo  of  CheDaDgo 


aad  Otaego  coantiea.  New  York.    [A1>- 
atract.] 

Am.  Aamoe.  Adr.  8ci.,  Proc.,  toL  3S.  p.  210. 
1888. 

DefiaitUm  of  stages  betveen  the  Oneoota 
ssadstone  sad  tbe  Hsnultoa,  sad  diseosnloa 


13U 


pa^ea,  3  plateib     Pftridcoee, 


m  i8»  br  C.T.J 


>t«r««l  to 


of 
e^ 


LB|r  "  ia  saperAcial 
•f  bistscy  of  oiMBMBA  ia 
lx»c  aad  Carfaoai 


Brief  sketch 


FUMFBIiIaT;  Raphael.    On  the  fossils 
of  LiitlctoD,  New  Hampahire. 

AxB.  lov.  Set.,  3d  mBnm,^nL3&,w9.79-m, 
]p.    16et 
Discnsiwa  thtir  sge. 

[On  tbe claaaificatioo,  nomenclature, 

uoeonfonnities,  emptirea,  character- 
istics, life,  and  ori|^a  of  some  memben 
of  the  pre-Cambrian  forniaiion  and  tbe 
origin  of  serpentine.] 

iBtemstioiial  Coofress  of  Geologists,  Am. 

I,  A,  p.  74.1  p. 


R. 


RAOBD ALS,  G.  H.  Eridenee  of  drift  at 
Oainesville,  Texas. 

Oeol.  and  8ci.  BnlL,  rot  1,  Not.,  1888,  | 
eol.    4«>. 

StateoienU  io  re^snl  to  reUtions  snd  distri- 
batioii  of  grsreU  of  the  region. 

RAVD,  Theodore  D.  Notes  on  the  geol- 
ogy of  Radnor  township  in  Delaware 
Connty,  Pennsylvania,  and  of  the  town- 
ships adjacenf. 

Pennsylrania,  Report  of  Oeol.  Snrref, 
1886,  part  4.  pp.  1569-1618,  plato.  sheet  12  to 
atlsN.     1887. 

Description  of  gneissic  and  granitic  rocks, 
traps,  bydromica  schists,  Hniestones,  sad 
serpentines,  snd  discossion  of  their  stractarsl 
relations  and  relstive  ages.  Reference  to  oc- 
corr«u<w  of  Bryn  Mawr  gravels. 

A  discussion  of  the  rocks  of  Penn- 
sylvania and  New  York. 

New  York  Acsd.  Science,  Trans.,  vol.  8, 
pp.  47-62,  piste.    1880. 

Description  and  section  of  the  region  west 
of  Phlladelpbls,  and  discussion  of  stractnrsl 
and  Htratigraphic  relations. 

RATH,  Q.  vom.  £iiiige  beroerkangen 
Uber  das  territorium  Utah. 


RATH,  G.  Tom — Con  tinned. 

Bonn.  Viedstrbein  GesoU.,    Sitznnsgber. 
(Separat  abdmck).  pp.  2»-«S.    [  1887  r} 
Not 


Einige  geologische  wahmehmnugea 

in  Mexiko.     Bonn,  18o7. 
Not  seen. 

[RA7MOHD,  R.  W.]  Geological  sor- 
vey  of  New  Jeraey.  Aunaal  report  of 
the  State  geologist  for  tbe  year  1SS6. 
Trenton,  1887,  octavo,  i&i  pages. 

Eng.  and  ICining  loor. ,  toL  43,  p.  273.  4°. 
1887. 

Notice  of  contents  an*!  reriew  of  Britton  on 
the  sabdivisions  of  the  Arcbean  and  the  ori* 
gin  of  its  iron  ores. 

[ ]  The  new  geological  map  of  Earope. 

Eng.  and  Mining  Jonr.,  voL  43,  p.  382.  4<'. 
1887. 

United  States  geological  survey  mon- 
ographs, XII.  Geology  and  mining  in- 
dustry of  Leadville,  Colorado,  ^ith 
atlas.  By  Samnel  Franklin  Emmons. 
Washington,  1880. 

Eng.  and  Mining  Jonr.,  toL  45,  pp.  249-250. 
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RA7MOND,  R.  W.— ContiiuHil. 

Review  of  thooriee  of  I^cndville  ore  form*- 
tiun. 

Note  on  a  specimen  of  ^ilsonite  from 

Uintah  Connty,  Utah. 

Am.  Inst.  Mining  Engineers,  Trana.,  vol. 
17.pp.:i:<-115.     1889. 

Includes  an  Acconnt  of  ita  mode  of  occur- 
rence. 

RXSADE,  T.  Mellard.     Physical  theorien 

of  the  earth   in  relation  to  mountain 

formations. 

Am.  Qeologist,  vol.  3.  pp.  106-111.    1889. 
Diflcnaaion  of  aonie  oooditions    affecting 
earth  croat  contraction  and  deformation. 

[REED,  G.  W.  J  [Clay  from  Pine  Creek, 
Cherry  County,  Nebraska.] 

Am.  aeologiat,  vol.  1,  p.  137.  4  linea.    1888. 
Notict)  of  occurrence. 

R.  O.  Notes  on  the  geology  of  Gaines 
County. 

Geol.  and  Sci.  Boll.,  vol.  I.January  1, 1889, 
I  col.  4°. 

Reference  to  oconrrence  of  sandatone,  clay, 
and  chalk  of  economic  value. 

Rhode  Island,  Report  on  Gteology. 
Pkovidenck  Frankun  Society. 

Rhode  Island  [Bowlder  trains],  Cham- 

BERLIN.      SlIALER. 

Carboniferous  flora  and  fauna,  Lks- 
QUERKUX.    Packard. 

coal,  ASHBURNEK.      ShALRR. 

conglomerates  In  gneisses,  Hitch- 
cock. 

report  on  geology.  Providence 
Franklin  Society. 

RICHARDS,  Gary  F.  Lithologlc  notes 
on  contact  phenomena  in  Sonth  Caro- 
lina. 

Deniaon  Univeraity,  Bnli.,  vol.  4,  pp.  &-10, 
pi.  15.    1888. 

Petrographic  deacription  of  diabaaegneiaa, 
actinolite  achiat,  and  granite  from  Spartan- 
bnrg  County.  Ineludea  aonie  inciilcutal  r«^f- 
erence  to  rdationa  in  the  field. 

RICHARDSON,  Ralph.  On  Canadian 
and  Scottish  ^Incial  geology. 

Edinborgh  Oeol.  Soc.,  Trana.,  vol.  5,  pp. 
205-212.    lJ-87. 

CompariHon  of  Scottiah  depoaita  with  the 
Acadian  Qu.ttemary  aadeacribed  by  Daweon ; 
atatement  of  Dawaon'a  viowa  on  the  glacial 
theory,  and  a  general  akc  uh  of  the  geology  of 
the  North  weat  Territory  after  Dawaon. 

RICKETTS,  Louis  D.  Annual  rep  rt 
of  the  Territorial  Geologist  to  the  Gov- 


RICKETTS,  Louis  D.—Coniinncd. 
ernor  of  Wyoming,  January,  188d.    87 
pages.     Cheyenne,  1H88. 

Deacription  of  extent,  occarrenoe,  relationa, 
and  character  of  Laramie  coala ;  general 
geologic  relationa  in  the  Kattleanake  and 
Shoahone  petroleum  and  the  Platte  mining 
diatricta;  the  noda  depoaita,  and  a  general 
aketch  of  the  geology  and  geologic  hiatory  of 
the  State. 

[RICKETTS,  P.  de  P.]  Phoenix  mine, 
Arizona. 

Eng.  and  Mining  Jonr.,  vol.  43,  p.  300.  4°. 
1887. 

Statement  of  geologic  relationa  in  ita  vicin- 
ity. 

RIOOE,  Joseph.  The  Wyoming  oil- 
fields. 

Sci.  Am.  Snpt.,  vol.  25,  pp.  10404-10405,  No. 
651,  folio,  1888,  from  report  on  crude  oila  of 
Wyoming  to  the  Omaha  Petroleum  Company. 

Ineludea  brief  general  r6anm6  of  Wyoming 
geology  from  previoua  writera. 

RIOOS,  R.  B.  Residnal  deposit  from 
subaerial  decay  of  chloritic  schist  from 
eight  miles  west  of  C'ary,  North  Caro- 
lina. 

U.  S.  Qeol.  Survey,  Bnli.,  vol.  7,  p.  137,  ^  p., 
No.  42.    1887. 
Analyaia. 

Trenton  limestone  from  Lexington, 

Virginia. 

U.  S.  aeol.  Survey,  Bull.,  vol.  7,  p.  137,  i  p., 
No.  42.    1887. 

Analyaea  of  limeatone  and  of  the  product  of 
ita  aubaerial  decay. 

Ferruginous  rock  from  Penokee  Iron 

range,  Wisconsin. 

U.  S.  aeol.  Survey,  Bull.,  vol.  7.  p.  138,  i  p. 
No.  42.    1887. 
Analyaia. 


Two  rocks    from   Kakabikka  falls, 

Kaministiquia  River,  Ontaria,  Canada. 

U.  S.  aeol.  Survey,  Bull.,  vol  7, p.  139,  i  p. 
j  No.  42.    1887. 

Analyaea. 

Loess  and  clayo.     [Analyses.] 

U.  S.  Oeol.  Survey,  Bull.,  vol.  7,  pp.  142-144, 
No.  42.    1887. 

Kanaaa  City,  MiaaonrI;  Dubuque,  Iowa; 
(iiilcna,  Illiuoia;  Yickabnrg,  Miaaiaaippi, 
and  Milwaukee,  Wiaconain. 

Iron  ores  from  Louisiana 


U.  S.  Geol.  Survey,  Bull.,  vol. 7, pp.  144-145, 
No.  42.    1887. 
Analyaea. 
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RIGOS,  R.B.— Continued. 

*' Natural  coke"   from  Midlothian, 

Virginia. 

U.  S.  Geol.  Sarrey,  Bull.,  vol.  7,  p.  lM,i  p. 
No.  42.    1887. 
Analjsia. 

. —  "Natural    coke"    from    Purgatory 
cation,  New  Mexico. 

U.  S.  a«ol.  Surrey,  Ball.,  vol.  7,  p.  147.  I  p. 
No.  42.    1887. 
Analysis. 

RINaUBBERO,  Eugene  N.  8.  The 
Niagara  shales  of  western  New  York; 
a  study  of  the  origin  of  the  subdivision 
and  their  fauuie. 

Am.  Otologist,  vol.  I,  pp.  264-272.    1888. 

MAinly  paleontologic.  InoladiM  a  discus- 
sion of  history  of  the  formation  and  its  rela- 
tion to  the  nnderlying  formation. 

ROBINSON.  F.  C.  Analysis  of  blue 
clay  from  Farmington,  Maine. 

Am.  Jonr.  Sci.,  3d  series,  vol.  34,  pp.  407-408, 
ip.    1887. 

ROOBRS,  Wm.  Lnttrell.  The  philoso- 
phy of  glacier  motion. 

Am.  Oeogr.  Soc.,  Bull.,  vol.  20,  pp.  481-501. 
1888. 

Incidentally  refers  to  some  of  the  results  of 
glaoiation. 

ROAIBR,  F.  Ueber  eine  durch  die  Hiiu- 
figkeit  Hippuritenar  tiger  Cham  idea 
ausgezeichnete  Fauna  der  oberturonen 
Kreide  von  Texas. 

Kdnigiich  prenssische  Oeol.  Landesanstalt 
und  Bergakad.  Pal.  Abhandlnng,  tiuud  4, 
pp.281. 

Not  seen. 

ROMINOBR,  C.  Description  of  primor- 
dial fossils  from  Mount  Stephen,  North- 
west Territory  of  Canada. 

Philadelphia,  Acad.  Sci.,  Proc.,  1887,  pp. 
12-19,  pi.  1.    1887. 

Brief  statement  of  the  (ideologic  relations  at 
the  locality. 

Rejoinder  to  Mr.  C.  D.  Walcott  [on 

primordial  fossils  from  Mount  Stephen, 
Canada]. 

Am.  aeologist,  vol.  2,  pp.  356-350.    1888. 
Includes  a  description  of  the  strata  consti- 
tuting Mount  Stephen. 

ROTHROCK,  J.T.  The  sand  dunes  of 
Lewes,  Delaware. 

Philadelphia,  Acad.  Sci.,  Proc,  1889,  pp. 
1M-Ia5.    1889. 
Deaorlbes  tome  phenomena  ot  t\i«  dunM. 


RO'^TTIiBT,  R.  R.  The  Chonteau  group 
of  eastern  Missouri. 

Am.  (Geologist,  voL  3,  pp.  11 1-1 16.    1889. 
Beferencea  'to  iU  Uteratnru,  stratigraphy, 
distribution,  and  paleontology. 

RUSSEIfli,  F.  W.  A  crystalline  rock 
near  the  surface  in  Pawnee  County, 
Nebraska. 

Am.  Geologist,  voL  1,  pp.  130-131, 1  p.    1888 
Notice  of  the  oocurrejice  of  a  feldspathio 

rock  in  well  at  552  feet,  and  reference  to  over 

lying  beds. 

The  salt  well  at  Lincoln,  Nebraska. 

Am.  Geologist,  vol  1,  p.  131.  f  p.    1888. 
Reference  to  rooks  pierced  in  well  2,403  feet 
deep. 

[Peat  bed  in  Loup  County,  Ne- 
braska. ] 

Am.  Geologist,  vol.  1,  p.  137,  k  p.    1888. 
Kefi-r  uce  to  extent,  relation  to  underlying 
sands,  and  occurrence  of  diatoms. 

RUSSBLL,  I.  C.  Geological  history  of 
Lake  Lahontan,  a  Quaternary  lake  of 
northwestern  Nevada,  I  J.  S.  Geological 
Survey,  Mon.,  vol.  11, 1885. 

Described  in  bibliography  for  1886. 

Abstract,  Scottish  Geogr.  Mag.,  vol.  3,  pp. 
466^72.    1887. 

Reprint  of  preliminary  abstract  as  given  by 
author  and  a  general  description  of  the  lake 
ba.siu,  playas,  thinolite,  and  the  beaches  and 
their  displacements. 

Abstract,  Science,  voL  10,  pp.  78-79.    1887. 

Description  of  the  work  and  analysis  of  its 
contents  without  critical  comment. 

[Natural  gas  and  coal  in  Chesterfield 

County,  Virginia]. 

The  Richmond  Dispatch,  Feb.  20, 1887. 
Describes  the  Richmond  coal    basin   and 
points  out  the  improbabiUty  of  its  yielding  gss. 

Notes  on  the  faults  of  the  Great 

Basin  and  of  the  eastern  base  of  the 
Sierra  Nevada. 

Washington,  Phil.  Soc.,  Bull.,  vol.  9, pp. 5- 
6.     1887. 

Neues  Jahrbnch,  1887,  band  2,  ss.  317-318. 
1887. 

Describes  the  Great  Basin  type  of  mountain 
structure,  the  extent  of  the  area  which  it  char- 
acterizes, the  structure  of  the  Sierra  Nevada, 
and  the  evidence  of  post-Quaternary  move- 
luont  in  the  great  displacement  along  its  east- 
ern base.  Gives  a  list  of  papers  oonteining 
desci  iptioDS  of  Great  Basin  structure. 

Subaerial  decay  of  rocks  and  origin 

of  U\e  red  color  of  certain  fonnfttiont. 
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RUSSELL,  I.  C— Cootinnecl. 

U.  S.  Geol.  Snnrer,  Boll. ,  vol.  8,  pp.  535-597, 
pis.  l-v  (No.  52).    1880. 

Abstracts,  Am.  Qsclogisti  rol.  5,  pp.  110-111. 
1890;  Eng.  and  Mining  Joor.,  vol.49,  pp.  307- 
398,}coL  4°.  1890;  Oanadian  Record  of  Sci- 
snce ,  vol.  4,  pp.  74-75.  1890 ;  Popular  Science 
Monthlf,  vol.  36,  p.  567,  |  col.    1890, 

Review  by  J.  D.  Daua,  Am.  Jonr.  Sci. ,  3«l 
series,  vol.  39.  pp.  317-319.    1800. 

Acconnt  of  rock  decay  in  the  Piedmuntand 
southern  Appalai'hiao  reKions,  and  of  the 
characteristics  and  composition  of  the  resid- 
nal  products.  Coosidera  the  conditions  favor- 
ing rock  decay  nnd  tho  causes  affecting  the 
distribution  of  rosidaal  deposits  in  the  Ap- 
palachian region.  Discusses  the  origin  of 
the  red  color  of  certain  formations,  especially 
of  the  Newark  group.  Incl  udes  a  bibliography 
of  the  subject. 


RUSSELL,  I.e.— Continned. 

Sabaerial  deposits  of  the  arid  region 

of  North  America. 

Gaol.  Magaaine,  decade  in,  vol.  6,  pp.  242- 
260.289-295.    1889. 

Deaeription  of  several  deposits,  especially 
of  the  calcareous  clays  to  which  tho  term 
*  *  adobe  "  is  applied.  An  acconnt  of  its  distri- 
bution, thickness,  physical  and  chemical 
characters,  organic  remains.  mo<1e  of  forma- 
tion, and  relation  to  playa  and  stream  depos- 
its, and  comparison  with  the  loess  of  China. 

The  Newark  system. 

Am.  Geologist,  vol.  3,  pp.  178-182.    1889. 

List  of  designations  and  oorrelatious  of  the 
Jura-Trias  of  eastern  North  America;  brief 
review  of  its  claasificHtiou  and  nomenclature, 
and  propos'tion  and  definition  of  the  term 
"  Newark  system." 


S. 


ST.  JOHN,  O.  Notes  ou  the  geology  of 
southwestern  Kansas. 

Kansas  Board  of  Agriculture,  5th  report, 
part  2.  pp.  132-152.    1887. 

Description  of  physiography  snd  of  Triassic 
(f)  DakoU  Niobrara,  Tertiary,  and  Pleisto- 
Irene  formations. 

St.  LouiB  Academy  of  Science,  Trans., 
vol.  5. 

Geology  of  Macon  County,  Missouri, 
McGek. 

SALISBURY.  R.  D.  Terminal 
moraines  in  north  Germany. 

Am.  Jour.  Sci.,  3<l  series,  vol.  35,  pp.  401- 
407.    1888. 

General  description  of  course,  topography, 
and  structure. 

Driftless  area  of  upper  Mississippi 

valley.     See  CHAMBERLIN,  T.  C, 
and. 

SAAIPSON,  F.  A.  Not«s  on  the  Suh- 
carhoniferons  series  at  Sedalia,  Mis- 
souri 

New  York  Acad.  Sci.,  Trans.,  vol.  7,  pp. 
246-247.    1888. 

Notice  of  fossils  from  the  Chouteau  lime- 
stone and  reference  to  tho  thickness  of  the 
Chouteau  limestone  and  Burlington  series. 

Ctomta   Barbara   Society   of   Natural 
History,  Bulletin  No.  1. 
Infusorial  earth  of  Santa  Barbara, 
Finch. 

SCHNEIDER,  Edward  A.  An  analysis 
of  a  soil  from  Washington  Territory, 


SCHNEIDER,  Edward  A.— Continued, 
and  some  remarks  on   the  utility  of 
soil  analysis. 

Am.  Jour.  Sci.,  3d  series,  vol.  36,  pp.  236- 
247.     1888. 

Includes  description  and  analysis  of  angite- 
andesite  ft'om  which  the  soils  are  derived. 

School  of  Mines  Quarterly,  vol.  8. 

Bay's  Mountain,  Tennessee,  Willis. 

Great  Falls  coal  field,  Montana, 
Newbrrry. 

Korsantile,  Newberry. 

Index  to  current  geologic  literature, 
Merrill,  F.  J.  H. 

Origin  of  graphite,  Newberry. 

Marhle  of  Hawkins  Couuty,  Tennes- 
see, Willis. 


vol.  9. 


Coals  of  Colorado,  Newberry. 
Archean  of   New    Jersey    and  New 
York,  Britton. 

vol.  10. 

Origin  of  the  loess,  Newberry. 
Marhle  deposits  of  the  western  United 

States,  Newberry. 
Oil  Aelds  of  Colorado,  Newberry. 
Graphitic  anthracite  in  Idaho,  Jen- 

NEY. 

Dry  lakes  of  Nevada  and  California, 
Jenney. 

SCHUSTER,  M.  Mikroskopisohe  beo- 
bachtungeu  an  califoruischeu  ge* 
steinen.. 
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SCHUSTER,  M.— Coiitiniiecl. 

Votms  Jmhrtrach,  1887,  Bea.-bd.  as.  451-578, 
tofel  17-2t. 

Abctnct,  American  NatonUist,  vol.  22,  p. 
498, 1  p.    1887. 

Detailed  deacriptioo  of  the  mioropetrogra- 
pby  of  eighty  rock  specimeDs  from  the  Sierra 
Nevada,  and  a  diacaasion  of  the  minezalogic 
conatitaeota.  The  paper  ia  accompanied  by 
four  uncolored  plates. 

8CHWARZ,  T.  £.    Notes  on  the  ore  oc- 
currence of  the  Red  Moantain  district. 

Colorado,  Sci.  Soc.,  Proc.,  vol.  3,  pp.  77-85. 
1889. 

Contains  aonie  incidental  references  to 
fceologic  features  of  the  district 

SCIENCE. 

Mineral  physiology  and  physiogra- 
phy. 

Science,  voL  9,  pp.  142-113.    1887. 

Review  of  Hant,  especially  of  the  part  rela- 
tive to  the  origin  of  crystalline  rocka ;  ebjec- 
tiona  being  advanced  to  the  crenitic  hypothe- 
sis, and  to  some  of  the  conclnaiooa  In  regard 
to  the  origin  of  aerpentinea. 


—  Jukes- Browne's  historical  geology. 
Science ,  voL  9,  pp.  424-425.    1887. 
Oeneral  description  and  review. 

—  Walcott  on  the  Cambrian  fannas. 


Science,  vol  9,  pp.  545-546.   1887. 

Saiumary  and  abatractof  Walcott'a  "Sec- 
ond coiitribntion  to  the  studies  of  the  Cam- 
brian faunas  of  North  America." 


Section  E  [Am.  Assoc.  Adv.  Sci.,  re- 
port of  proceedings]. 

Science,  vol.  10.  pp.  87-88.    1867. 

Statement  of  Oilbort's  attitude  toward  the 
work  of  the  International  Geologic  Congress ; 
notice  of  Fiazer'a  report  on  the  Archean,  and 
statement  of  objection  to  the  application  of 
the  term  Archean  to  all  pre-Cambrian  rocks. 
Notice  of  Powell's  objections  to  the  color 
scheme  proposed  by  the  congress. 

[On  Hinman's  letter  on  the  laws 


of  corrasion.] 

Science,  voL  12,  p.  120,  |  col.    1888. 
Definition  of  Powell's  law  of  corrasiou  and 
its  application. 

Science,  voL  9. 

Submerged  trees  of  Columbia  River, 

DuTTON.    Emmons. 
Hnut's    mineral    physiography'    and 

physiology,  SciBNCK. 
Serpentine  of  Syracuse^  Williams, 

G.  H. 
Qaebec  pronp,  Selwyn. 


Science,  voL  9 — Continued. 

Foasilsfrom  Kicking  Horse  Paas,  Lap- 
worth. 

International  CongreBBof  G^logists, 
Frazkr. 

Jukes-Browne's  historical  geology, 
Science. 

Florida  ideologic  survey,  Kost. 

Walcott  on  Cambrian  fauna,  Scibxck. 

Equivalence  of  American  Tertiaries, 

HlLGARD. 

Cretaceous  river  bed,  Pond. 

Correlation  of  Canadian  and  Euro- 
pean geology,  Dawson,  J.  W. 

Well  at  Oxford,  Ohio,  James. 

G(eologic  questions,  Frazkr. 

Geologic  history  of  Lake  Labontau, 
Rdssbll. 


VOL  10. 


Section    E,   Am.   Assoc.    Adv.    Sci., 

Science. 
Beaches  and  deltas  of  glacial  Lake 

Agassiz,  Upham. 
Geologists'  Congress,  Frazer. 
Glacier  on  Hague's  Peak,  Colorado, 

Stone. 
Relations  of   Laramie    roolluscan 

fauna.  White,  C.  A. 
Origin  of  mountain  ranges,  Davis, 

W.  M. 
Is  there  a  diamond  field  in  Kentucky  f 

DiLLER  and  KuNZ. 
Classification  of  lakes,  Dayis,  W.  M. 
Synopsis  of  flora  of  Laramie,  Warp. 
Exploration  in  Yukon  district,  Daw- 
son, G.  M. 
Keweenawan  system,  Wadsworth. 
Rocks  from  Baffin  Land,  Bell. 
Mount   Taylor   and   Zufii    Plateau, 

Dutton. 

—  vol  11. 

Trinity  formation,  Hill,  R.  T. 

The  Iroquois  beach,  Spencer. 

Transcontinental  railroads,  Lanq. 

Drift  north  of  Lake  Superior,  Spen- 
cer. 

Eozoon  Canadense,  Selwtn. 

Sonora  earthquakes,  Goodfellow. 

Geological  observations  of  Yukon  ex- 
pedition, Dawson,  G.  M. 

Vertebrate  fauna  of  the  Puerco  series, 

COPK. 

Agriculture  and  late  Quaternary  his- 
tory, HiLOARD. 


DABTOK.] 
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Science,  voL  11— Contioued. 

Crenitio    hypotbesis    iind    mountain 

bailding,  Shaler. 
Montville  serpeatine,  Mbrkill,  G.  P. 

VOL  12. 

Prevention  of  floods  in  the  lower  Mis- 
sissippi, Powell. 

International  Geological  Congress, 
Cook. 

St.  Lawrence  basin  and  tlie  Great 
Lakes,  Spenckb. 

Archean  rocks  of  the  Northwest, 
WiNCHBLL,  A. 

Coal  measures  of  Kansas,  Woostbr. 

Laws  of  corrasion,  Hinman. 

On  Hinman's  letter  on  corrasion, 
Science. 

The  limit  of  drift,  Woostkr. 

Report — Operations  of  the  National 
Survey,  Powell. 

Floods  in  the  lower  Missouri,  Mkykr. 

Topographic  map  of  New  Jersey,  Da- 
vis, W.  M. 

The  laws  of  hydraulic  degradation, 
Powell. 

vol.  13. 


Great  Lake  basins  of  St.  L.-iwrouce, 
Drummond. 

Permian  rocks  of  Texjw,  Hill,  R.  T. 

A  river  pirate,  Davis., 

History  of  porphyritic  quarts  in 
eruptives,  Dillkr. 

Age  of  Denver  formation,  Cope. 

Building  stones  of  east  Texan,  Pen- 
rose. 

Stillwater  well,  Meadks. 

—  vol.  14. 


Wright's  "Ice  age"  in  North  Amer- 
ica, W.M.  D. 

North  American  Meso/.oif,  White, 
C.  A. 

Champlain  period  in  Siiscinehanua 
valley,  B ashore. 

The  contoured  map  of  Massachusetts, 
Davis,  W.  M. 

Scientific  American  Supplement,  vol. 
23. 

Features  of  recent  earthquakes,  Mc- 

Gkk. 
Muir  glacier,  Wright. 
Prehistoric  hearth  under  Quaternary 
of  western  New  York,  Gilbert. 

vol.  25. 

Wyoming  oil  fields,  Kiggs. 


Scientific  American  Supplement,  voL 
26 — Continued. 
Mica-mining    in     North     Carolina, 

Phillips. 
Quartz ites  and  siliceous  concretions, 

Crosby. 
St.   Lawrence  basin  and  the  Great 

Lakes,  Spencer. 
Petite  Anse  salt  mine,  Pombroy. 
Muir  glacier,  Alaska,  Chick  bring. 

VOL  27. 

Among  the  Pennsylvania  slate  quar- 
ries, Merrill,  G.  P. 

Colorado  oil  fields,  Newberry. 

Artesian  well  at  Davenport,  Iowa, 
Tiffany. 

SCOTT,  W.  B.  The  upper  Eocene  lacus- 
trine formations  of  the  United  States. 
[Abstract.] 

Axn.  Assoc.  AdT.  Science,  Proc,  vol.  36,  p. 
217.  i  p.    1888. 

General  r68am6.  Di«cuasiou  of  relation  of 
Wa«hakio  be<li  to  the  Wahsatch  beds,  and 
the  position  and  faanal  relations  of  the  Uinta 
fonnatlon. 

Scottish  Geographical  Magazine,  vol. 
3. 
Colorado  Kiverof  the  West,  Cadkll. 
Geologic  history  of  Lake  Lahontan, 

Russell,  I.  0. 
Marble  Island,  Hudson  Bay,  Bell. 

SCOVELL,  J.  T.    Erosion  in  Indiana. 

Am.  Naturalist,  vol.  22,  p.  04,  7  lines.    1888. 

AUstract  of  pai>er  read  to  Indiana  Academy 
of  Sciences. 

Diacnssion  of  its  amount  and  the  proportion 
of  the  drift  derived  from  sonrcos  in  and  oat- 
Bido  of  the  State. 

[ ]  Another  old  channel  of  the  Niagara 

River. 

Am.  Geologist,  vol.  3,  pp.  195-196,  ^  p.   1889. 
Notice  of  its  coarse  and  topographic  char- 
acteristics. 

SEARS,  John  U.  [Remarks  o'l  the  ge- 
ology of  the  vicinity  of  Snlein,  Massa- 
chusetts.] 

Essex  Inst. ,  Ball. ,  vol.  20.  pp.  25-26.     1888. 
General  statement  in  rogard  to  the  nature 
and  extent  of  the  granites. 

Geological  and  luineralogioal  notes. 

No.  1.    Sodalite. 

Essex  Inst.,  Ball.,  vol.  21, pp. 88-03.    1889. 

Incladea  references  to  relations,  distribo' 
tion,  and  petrography  of  some  of  the  syenites, 
diorites,  granites,  and  diabases  of  eastern 
Massaohosetts,  aod  to  the  origin  of  certain 
bowlders  by  diaintegraiiou  in  altoix 
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BBBLYf  H.  M.  Original  Chazy  rocks  in 
New  York.  See  BRAINERD,  Ezra, 
and. 

BBLWm,  Alfred  R.  C.  The  Quebec 
groop. 

8ci«ac«.  ToL  9,  pp.  2t7-28B.    1887. 

Deaeribes  th«  oriiciiui  nemben  of  tb« 
groop,  which  are  bow  known  to  T»ugp  from 
pre-CaoibrlBB  into  the  Lorraine  or  Hndaoo 
Birer,  and  their  stractaral  relatione  in  the 
Qnebeearea. 

Sommary  report  of  the  operations  of 

the  Geological  Survey  fur  the  year  18d6. 

Oaaada,  Oeol.  and  Vat.  Hiet.  Surrey,  Re- 
port, 1806,  part  A,  p.  87.    1887. 

Consiats  mainly  of  abatracta  of  reportB  by 
McConnell.  Tyrrell,  Ella,  Bell,  Bailey  and 
Mclnnoe,  Clialinere,  Fletcher,  and  Faribaalt, 
puMiabed  in  fnll  in  the  aame  Tohime  Prelimi- 
narjr  reports,  by  Lawaon,  on  the  rrgion  east 
of  the  LAke  of  the  Wooda;  Bowman,  on  the 
Cariboa  mining  diatrict;  Coate.  on  sheet  113, 
Ontario;  Ingall,  on  Thunder  Bay  mining  re- 
giona;  and  Laflamme  on  lower  Paleoiolc  ad- 
Joining  the  l4iurentian  to  the  north  of  the  St. 
Lawrence ;  mid  noten  on  ase  and  rclationa  of 
certain  volcanic  rocka  in  eastern  QiiebtMs,  and 
age  and  relations  of  slate  and  limestone's  of 
the  vicinity  of  the  city  of  Quebec. 

The  Hiirouiau  of  Canada. 

Am.  Goologiat,  vol.  2,  pp.  61-412. 4  p.     1888. 
DiacoMaion  of  the  status  of  the  term  Ta- 
couic  :iud  its  application  to  the  Huronian. 

[Notes oil  Marcoirti  paper,  ''The  Ta- 

conic  of  Georgia,  and  the  report  on  the 
geology  of  Vermont."] 

Am.  Geologist,  vol.  2,  pp.  131-135.    ISSS. 

DiMMisnton  of  the  position  of  the  slatee  in 
Quebec,  anil  of  Montmoroucy  and  Cbarles- 
l>ourg.  lleft  reiice  to  coiuponents  of  the  '  Ta- 
conic  sy litem." 

Answer  to  Dr.  Persilor  Frazer^s  cir-. 

cular,  dated  Philadelphia,  9th  May, 
1887.  [On  the  subdivisions  of  the  Ar- 
chean,  classification  of  eruptives  in  the 
Archeao,  n  neon  form  i  ties  in  the  Ar- 
chean,  and  iiso  of  t«  rni  **Tiioonic."l 

International  Oongress  of  Geologists,  Am. 
Oommittee  Reports,  1888,  A,  ]>.  55,  i  p. 

[On  use  ol  the  term  "Tacoiiic."J 

International  Oongress  of  Gteologlsts,  Am. 
Oommittee  Reports,  1888,  11,  p.  17, 1  line. 
Am.  Geologist,  vol.  2,  p.  207.    1888. 

On  new  facts   relating  to  Eozoon 

Canadenst!. 

Science,  vul.  11,  p.  146,  |  col.    1888. 
Review  of  part  of  J.  W.  Dawson's  paper 
"On  06  w  facta  relating  to  EoMon  CanaviUuw." 


r,  Alfred  R.  C— <?oDtiuned. 
Diarmiaimi  of  the  mae  of  the  t«  rm  '*  Middle 
LaiireBtiaB,'*  the  raiationa  and  origin  of  the 
Lanreatian  limaatoaea,  and  the  emptare  na- 
ture of  the  "  ao-caUad  STirian  or  upper  Lau- 


''Two  systems    confoanded  in  the 


Haronian.^ 


Oeotogiat,  roL  3,  pp.  338-340.    1888. 
Review  of  Alexander  WincheU'a  piHP^r  by 
that  name.    INaeuaaea  claaeifteation  of  aome 
of  the  pre-Cambrian  fbrmationa  in  the  Korth- 
weat. 

-^Canadian  glacial  cla.wificatiou  for 


the  province  of  Qaebec,  by  Jules  Mar- 
con. 

Boaton  Soc.  Hat.  Hist.,  Proc.,  vol.  24,  pp. 
218-218.    1889. 

Obfeetions  to  atateraenta  of  Marcou  in  re- 
gard to  aorae  of  the  relatione  in  the  Quebec 
region. 


SHAIiER,  N.  8.    Report 
laatic  coast  division. 


At- 


U.  S.  Geol.  Sonroy.  Bizth  Report,  J.  W. 
FoweU,  1884- 1)9,  pp.  18-23.    1885. 

Calla  attention  to  tho  exiatence  of  a  Palee. 
aoic  and  volcanic  aertea  near  RaatporK  Maiar, 
and  doscribea  aomo  featnrea  of  the  Rltode 
lalanil  coal  region  and  the  Tertiary  of  Mar- 
tha's Vineyard. 

—  Preliminary    report    on    sea -coast 
swamps  of  the  eastern  United  States. 

U.  S.  Geol.  Survey,  Sixth  Report,  J.  W. 
Powell,  1884-'85,  pp  35J-398.     1885. 

Abstract,  Am.  Geologist,  vol.  1,  pp.  25»-2S8. 
1888. 

Detailed  discnasion  of  tlui  conditions  affect- 
ing tho  formation  of  coastal  swamps,  and  of 
shore-liues  favorable  for  mar^ih  accumulation. 
Describes  the  Plnm  Iitlaud  marshea  and  aome 
features  of  othera  in  New  Eu^rlaud,  and  dis- 
cussea  their  history.  Gives  a  list  uf  the  prin- 
cipal salt  marshes  between  the  Hudson  River 
and  Portland,  Maine. 

—  Flaviatile  swamps  ol  New  England. 

Am.  Jour.  Sd.,  3d  aeriea,  vol.  33,  pp.  210-221. 

1887. 

Abstract,  Popular  Science  Monthly,  voL 
33,  pp.  142-^143,  i  p.     1887. 

Calla  attention  to  kame  nature  of  the  upper 
terraces  of  aome  New  England  rivers,  and 
considers  them  the  remnauta  of  marine  depoa- 
ita  of  a  glacial  submergence.  Diaouaaea  the 
amount  time,  and  extent  of  o.icillationa  of  anr- 
face  elevation  indicated  by  the  river  terraces, 
and  eroaion  along  south-flowing  atreama,  the 
absence  of  river-terraoes  and  exiatence  of 
tlood-plains  along  north-flowing  a^^ama,  and 
the  buried  i'oresta  on  the  e.iatem  coast  of 
Maaaaohuaetta, 


DARTOX.  ] 


RECOHD   OF   GEOLOGY  FOR   1887   TO   1889. 


]43 


N.  S.— CoDtinued. 

—  PetTolean). 

Emitncky  Geol.  Surrey,  Boil.,  No.  1,  pp.  5- 
12.     [IS87?) 

DiflcuRaion  of  origin  and  horizon,  conditions 
determininK  the  storage  of  oil  in  tho  roclcn, 
and  probable  oil-bearing  areas  in  Kentucky. 

—  On  the  original  connection  of  the 
eastern  and  western  coal  fields  of  tlie 
Ohio  valley. 

Harr. ,  Mns.  Comp.  Zo61. ,  Memoirs,  voL  16 
fNo.2],  pp.l-U.     4°.    1^87. 

Includes  a  discussion  vf  the  time  of  uplift 
of  the  Cincinnati  axis  and  the  subsequent 
geologic  history  of  its  viriuity,  the  extent  to 
which  it  was  buried  by  later  formations,  and 
the  rate  of  degradation  of  the  Carboniferous 
from  the  region  between  the  present  out- 
crops. 

—  Keport :  Atlantic  Coast  Division  of 
Geology. 

U.  S.  Gaol.  Surrey,  Seventh  Report,  J.  W. 
Powell,  1886- '86,  pp.  61-65.    188& 

Keference  to  glacial  and  post-glacial  history 
of  Nantucket,  the  Tertiary  of  Martha's  Vine- 
yard, the  post-glacial  history  of  Mount  Desert 
Iitland,  the  volcanic  ash-beds  in  the  vicinity 
of  Mount  Desert  Island,  the  relations  of  tho 
bowlder  train  exteuding  from  Cumberland, 
Rhode  Island,  to  Martha's  Vineyard,  and  tho 
origin  of  sea-coast  swamps  and  of  nodular 
phosphatic  deposits. 

—  Report  on  the  geology  of  Martha's 
Vineyard. 

U.  S.  Geol.  Survey,  Seventh  Report,  J.  W. 
Powell,  1886- '86,  pp.  297-363,  pis.  xix-xxix. 

A  lislracts.  Science,  vol.  13,  p.  343,  i  col. ;  Am. 
Geologist,  vol.  4,  pp.  104-106.     1889. 

DeBcription  of  glacial  deposits,  terraces, 
Cretaceous,  Tertisry,  structure,  post-glacial 
erosion  ami  deposits,  aud  discussion  of  re- 
lations of  the  Teitiary  members;  the  origin  of 
their  inntcrials  and  the  history  of  their  depo- 
sition, tho  stratigraphio  relations  of  some 
doubtful  members,  and  tho  nature  of  the  dis- 
locations iu  the  Vineyard  aeries.  Accompa- 
nied by  colored  geologic  mapj. 


—  Origin  of  the  divisions  l)etween  tho 
layers  of  stratified  rocks. 

Boston  Soc.  Nat.  Hist.,  Proc.,  vol.  23,  pp. 
408-119.    1888. 

Discussion  of  the  conditions  affecting  depo- 
sition of  sediments,  and  the  agency  of  earth* 
quakes  in  destroying  lifo  at  the  sea  bottom 
and  originatiug  divisions  between  tho  sedi- 
mentary layers. 


N.  S.*  Con  tinned. 

Harr.,  Mna.  Oomp.  Zo01. ,  Bull. ,  voL  16,  pp. 
13-26,  No.  2,  map.    188& 

Abstract.  Am.  Jour.  Sci.,  8d  seriea,  vol.  37, 
pp.  76-77, 1  p.    1889. 

A  nnounoement  of  Cambrian  age ;  references 
to  relations  of  acy*O0iit  Carboniferoua  and 
pre-Cambrian  formations,  discussion  of  struc- 
tural rolationa,  extent^  oorrelallon  with  other 
Cambrian  and  supposed  Cambrian  areas  in 
Massachusetts ;  age  and  relatione  of  Inclosed 
granitic  intrusions,  origin  of  sedimenta,  con- 
ditions of  deposition  aud  position  of  shore 
lines  iu  the  general  region  at  various  geologic 
periods.  Actwmpanied  by  a  colored  geologic 
map. 

—  The  orenitic  hypothesis  and  moan- 
tsiin  building. 

Science,  vol.  11,  pp.  280-281.    1888. 

Discussion  of  the  agency  of  the  transfer  of 
materisls  from  below  upward  by  voloanism 
snd  crenitic  sgencies,  and  the  effect  of  de- 
creased pressure  caused  by  erosion. 

—  Introdnotion. 


Katuie  and  origin  of  deposits  of  phosphate 
of  lime,  by  R.  A.  F.  Penrose,  jr.,  U.  S.  Geol. 
Survey,  Boll.,  vol.  7,  pp.  48^-491.  No.  46. 
1888. 

A  bstract^  Science,  vol.  13,  pp.  144-148.    1889. 

Includes  nforences  to  the  nature  and  gene- 
sis of  the  several  classes  of  phosphatic  de- 
posits and  the  relations  and  composition  of 
phosphatic  siderite  bed  ip  Bath  County,  Ken- 
tucliy. 

—  The  geology  of  Nantucket. 

U.  S.  Geol.  Survey,  Bull.,  vol.  8,  pp.  60U 
05.1,  pU.  X  ( No.  53 ) .     1880. 

Abstracts,  Am.  Geologist,  vol.  5,  pp.  Ill- 
114,1800;  Popular  Science  Monthly,  vol.  36, 
pp.567,  i  col.    1890. 

Topography,  general  geological  structure, 
origin  of  the  detrital  materials,  fossiliferous 
depoeits,  succession  of  geologic  events,  post- 
glacial history,  recent  coast  changes. 

—  On  glacial  train  from  Cumberland, 


—  On  the  geology  of  the  Cambriuu  dis- 
irtct  of  Bristol  County ,  Maissachnsetts. 


Rhode  Island.    See  CHAMBERLIN, 
Report  on  glacial  geology. 

SHUTT,  F.  T.     Canadian  apatite. 

Oanadian  Inat. ,  Proc. ,  3d  series,  vol.  5,  pp. 
30-38.     1887. 

Geneial  description  cf  the  apatite- b«)aring 
rooka. 

Silurian,  lower. 
ArkansaBt  zinc  mining,  Eng.  and  Min- 
ing Jour. 
Canada^  along  the  Ottawa,  Ami 
Chazy  at  AyluK'f,  Quoliec,  Sowtkr. 
contact  of  Paleozoic  aud  Archoan  in 
Quebec,  Laitlammi;, 
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Silurian,  lower — Cont  i  d  1 1 ed . 
Canada— -Contmned. 

collectioDd  in  miiseuoi,  Nova  Scotia, 

HONEYMAN. 

Chazy  at  Ottawa,  Ami. 

Eozoic  and  Paleozoic  of  Canada, 
Dawpon,  J.  W. 

falls  of  Montmorenci,  Am.  Geologist. 

fossils  from  Kicking  Horse  Pass, 
Lapworth. 

fossils  in  city  of  Quebec,  Ford. 

geological  classification,  Quebec,  by 
Marcou,  Selwyx. 

geology  of  the  Moiitiuorenci,  Em- 
mons, E.  James.  Am.  Geologist. 
Selwyn. 

geology  of  vicinity  of  Quebec,  Mar- 
cou. 

graptolites  from  8t.  Lawrence  River 
region,  Lapworth. 

graptolites  from  Dease  River,  British 
Columbia,  Lapworth. 

Lake  Winnipeg  to  Hudson  Bay,  Low. 

Manitoba,  Dawson,  G.  M.  Mc- 
Charles. 

New  Brunswick,    Bailey    and  Mc- 

INNES. 

northern  part  of  the  Dominion,  Daw- 
son, G.  M. 

northern  Maine.  New  Brunswick^  and 
Quebec,  Bailey. 

Nova  Scotia,  Guysborough,  Antigo- 
nish,  and  Picton^  Fletcher. 

Pictou  coal-field  region,  Gilpin. 

phosphatic  nodules  in  Chazy  about 
Ottawa,  Ami. 

portions  of  eastern  townships,  Ellh. 

Quebec  group,  Dawson,  J.  W. 
Hunt.    Laflamme.    Selwyn. 

relations  to  Archean  at  Quebec,  Ii\- 
flamme. 

relations  of  Canadian  to  Eun^peau, 
Dawson,  J.  W. 

Rocky  Mountains  near  the  Slst  par- 
allel, McConnell 

Russell  and  Cambridge,  Ontario, 
Craig.    Ami. 

Sceptropora,  Manitoba,  Ulrich. 

sequence  of  formations  about  Ottawa, 
Ami. 

sponges  at  Little  Metis,  Dawson, 
J.W. 

Tacouic  of  eastern  Newfoundland, 
Rowley. 

Utica  formation  of  Ott^iwa,  Wuod- 

WAHD, 


I 


\ 


Silarian,  low^er— Continued. 

Utica  fossils  at  Point  k  Pic,  Ami. 

Utica  fossils  from  Rideau,  Ami. 

Utica   fossils   from    Kicking    Horse 
Pass,  Lapworth. 

vicinity  of  Government  farm,  OttAwa, 
Ami. 

vicinity    of    Qnebec,    Ford.      La- 
flamme.   Marcou.    Selwyn. 

Yukon  expedition,  Dawson,  G.  M. 
Colorado,  Brunton.    Emmons.  S.  F. 
Lakes.     Sivkr.     Smith,    W.    B. 

TiLDEN.      IHLSENG.      BlOW. 

Connecticut,  Taconic  system  of  Em- 
moos,  Walcott. 

Georgia^  aluminum  ore,  Nichols. 
geological  survey,  Spencer,  J.  W. 

lUinoUj  Sceptropora,  Ulrich. 

Indianay  diameter  of  Silurian  Island 
about  Cincinnati,  Dennis. 

/otra,  hematite  in  Allamakee  Connty, 
Orr. 
simtheastern  Iowa,  Gordon. 
well  at  Davenport,  Tiffany. 
well  at  Keoknk,  Gordon. 
Maqnoketa  shales, 
well  at  Washington,  Calvin. 

Kentucky,  correlation  of  lower  Silurian 
in  Ohio  valley,  Ulrich. 

diameter  of  Silurian  Island  about 
Cincinnati,  Dennis. 

Garrard  County,  Linney. 

Mason,  Bath,  Fleming,  Henry, 
Shelby,  and  Oldham  counties,  Lin- 
ney. 

Marion  County,  Knott. 

Nelson  County,  Linney. 

rocks  of  Central  Kentucky',  Linney. 

Spencisr  County,  Linney. 

Maine,  Eastport  region,  Scaler. 
northern  Maine,  Bailey. 

Massachusetts,   Great  Barrington,   Ju- 

I.IEX. 

Taconic  system,  Dana,  J.  D.  Hunt. 
Walcott. 

Minnesota,  artesian  wells.  Hall,  C.  W. 

Chisago,  Isanti,  Anoka,  and  Bcckt-r 
counties,  Upham. 

natural  gas,  Winchell,  N.  H. 

Trenton  at  Minneapolis  and  St.  Paul, 
Hall,  C.  W. 

Wabasha,  Goodhue,  Dakota,  Henne- 
pin, Ramsey,  and  Washington 
counties^  WjNCHBLL,  N.  H, 
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Sllaiiaii,  lower — Contiuaed. 
Minnesota— Contmued. 
conntie9,  Winchell,  N.  H. 
some  maps  of  Miunesota,  Upham. 
Stillwater  well,  Mkades. 
Missourif  form  of  ore  deposits  in  lime- 
stone, Hbnrich. 
history  of  Ozark  aplift,  Bhoadhead. 
MacoQ  OoiiDty,  McGbs. 
Missouri  River,  Broadhbad. 
Montana,  Gallatin  region,  Hatdbm. 
Nebraskay  well  at  Lincoln,  Russell, 
F.  W. 
well  in  Pawnee  County,  Russell, 
F.  W. 
Nevada,    Tempiute    Mountain,    New- 
berry. 
Nmo  Jersey,  map,  Cook.    Martin. 
porphyrite    of    northwestern    New 
•Jersey,  Kemp. 
New  York,  building  stones.  Smock. 
Calciferous  fossils  of   Lake   Cham- 
plain,  Whitfield. 
oamptonite  dike,  Washington  County, 

Kemp  and  Marsters. 
Dutchess   and   Putnam   counties. 

Smock. 
Norman's  Kills  graptolite  beds,  Lap- 
worth. 
fossils  in  Columbia  County,  DwioHT. 
original  Chazy  rooks,  Brains UD  and 

Sbbly. 
Taoonic  system  of  Emmons,  Marcou, 
Walcott.    D wight.    Dana,  J.  D. 
Wappinger   valley   region,  etc, 

Dwight. 
well  near  CJtica,  Walcott. 
Nomemclaiure,  report  of  subcommittee 
on  Paleozoic,   International    Con- 
gress  of    Geologists,    Wikchell, 
N.  H.  [et  al.]. 
Silnrian  in  geology,  Dana,  J.  D. 
some  forgotten  Taconio    literature, 

VOGDES. 

Canadian    geological    classification, 
by  Marcou,  Selwyn. 

Taconic  question, Dana,  J.  D.  Hunt. 
Marcou.  Selwyn.  Winchell, 
N. H.  Newberry.  Walcott. 
Winchell,  A.  Miller. 
North  Carolina,  Hiawassee  valley,  Col- 
ton. 
Ohio,  diameter  of  Silurian  island  about 
Cincinnati,  Dennis. 

gas  well  at  Oxford,  Jambs. 

Ball.  75 10 


Silurian,  lower — Continued. 
O^io—Continned. 

geology  of  Ohio,  Orton. 

lime  in  Ohio,  Orton. 

physical  history  of  Cincinnati  rocks, 
Perry. 

report  on  oil  and  gas,  Orton.  . 

sedimentation  in  Cincinnati  group, 
Jambs. 

southwestern  Ohio,  Jambs. 

Todd's  Fork,  Fobrste. 

Trenton  limestone,  Orton. 

vicinity  of  Cincinnati,  Burke. 
Pennsylvania,      Cumberland  -  Lebanon 
valley,  d'Invilliers. 

four  great  sandstones,  Claypolb. 

Lehigh  River  section.  Hill,  F.  A. 

mat-erials  of  the  Appalachians,  Clay- 
pole. 

Philadelphia  region,  Band. 

Radnor  township,  Delaware  County, 
Rand. 

slate  quarries,  Merrill,  Q.  P, 
Tennessee,  marble  of  Hawkins  County, 

Willis. 
Vermont,  fossils   in  lower  Taconio  of 
Emmons,  Walcott. 

Taconic   of  Gkiorgia  and  report  on 
geology  of  Vermont,  Marcou. 

Taconio   system  of  Emmons,  Mar- 
cou.  MiLLBR.    Walcott.    Dana, 
J.  D. 
Virginia,  Trenton  limestone  from  Lex- 
ington, analysis,  RiOGS. 

southwestern,  Stevenson. 

New   River-Cripple    Creek  region, 
d'Invilliers  and  McCrbath. 

Upper    Cumberland    valley,    Mc- 
Crbath and  DlNVILLIBRS. 

Silnzian,  upper. 
Alabama,  Eiirmingham   region,  Mc- 
Crbath and  d'In villibrs.    Brain- 

BRD. 

geological  survey,  Spencer,  J.  W. 
Canada,  At-ta-wa-pish-kat  and  Albany 
rivers,  Bbll. 

Eozoic   and   Paleozoic   of   Canada, 
Dawson,  J.  W. 

fishes  from  New   Brunswick,  Mat- 
thews. 

iron  and  other  ores  in  Ontario,  Ives. 

gypsum  in  northern  Manitoba,  Tyr 
rbll. 

Lake  Winnipeg  to  Hudson  Bay,  Low. 

Manitoba,  McC¥Lk^\.^*^ 
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Silnrlcui,  nppei — Continued. 
Canada — Continned. 

nematophyton  from  Gasp^,  Dawson, 
J.W. 

New  Brnnswick,   Bailbt.     Bailby 
and  McInnrs. 

northern  part  of  the  Dominion,  Daw- 
son, G.  M. 

northern  Maine,  New  Bmnswiok,  and 
Quebec,  Bailby. 

Nova  Scotia:    Ayleaford,  Kings 

County,  HONETMAN. 

Nova  Scotia:  Guyaborongh,  Antigo- 
nish,  and  Picton,  Flgtchbr. 

Nova  Scotia:  Pioton  coal-field  region, 
Gilpin. 

Nova  Scotia:  Silurian  collection  in 
Provincial  Museum,  Honbyman. 

organisms  in  southern  New  Bruns- 
wick, Matthbw. 

portions  of  eastern  townships,  Elu). 

petroleum  field  of  Ontario,  Bell. 

relations   of  Canadian   geology   to 
European,  Dawson,  G.  M. 

Rocky  Mountains  near  the  51st  par- 
allel, McConnell. 

Ungava  district,  Labrador,  Turner. 

well  at  Port  Col  borne,  McRar. 

Yukon  expedition,  Dawson,  G.  M. 
Chlorado,  Aspen,  Brunton.    Emmons, 
S.  F.    Henrich.    Lakes.    Siver. 

Chaffee  County,  Smith,  W.  B. 

geology  of  Colorado   ore   deposits. 
Lakes. 

iron  resources,  Chauyrnbt. 

Leadville  region,  Emmons,  S.  F. 
Georgia,  Clinton  fossils,  Foerste. 
Indianat  diameter  of  Silurian  island 
about  Cincinnati,  Dennis. 

County   geology,   Gorby.     Thomp- 
son, M. 

huikling   stones   and   gas,    Thomp- 
son, M. 

geology  of  Indiana,  Thompson,  M. 

geology    of    southeastern    Indiana, 
Gordon. 

St.  Paul,  Bkachler. 

Wabash  arch,  Gorby.    Thompson, 
M.    Phinney. 
lowa^  well  at  Keokuk,  Gordon. 

well  at  WasbingtoD,  Calvin. 

well  at  Davenport,  Tiffany. 
Kansas,  Leavenworth  well,  JamE'^on. 
Ktnluaky^     Bath     County     phosphatie 
deposits,  Shalv.r. 

Clark,  Lincoln,  Mercor,  Mont^c^ww^, 


Sllnzian,  npper— Continued. 
ITtsiiftioX^—Continned. 

Garrard  County,  Linnet. 

Marion  County,  Knott. 

Nelson,  Mason,  Bath,  Fleming, 
Henry,  Oldham,  and  Shelby  conn- 
ties,  Linnet. 

new  horizons  of  oil  and  gas,  Orton. 

Pound  Gap  region,  Crandall. 
Proctor. 

rocks  of  central  Kentucky,  Linnby. 

Spencer  County,^  Linnet. 

Maine,  Aroostook  County,  Bailet. 
Eastport  region,  Shaler. 

Maryland,  Albirupean  formation,  Heil- 

PRIN. 

Minnesota,    natural    gas    woUs,    WiN- 

chell,  N.  H. 
Missouri,  Macon  County,  McGee. 
Montana,  Gallatin  region,  Hatdbn. 
Ntbraska,   well  at  Lincoln,  Russell, 

F.W. 
well  in  Pawnee  County,  Russbll, 

F.W. 
Neio  Hampshire,  fossils   of   Littleton, 

Dana,  J.  D.  Pumpellt. 

New  Jersey,  geologic  map,  Cook. 
Green  Pond  Mountain  group,  Mer- 
rill, F.  J.  H. 
map  of  vicinity  of  New  York,  Martin. 

New  York,  building  stones,  Smock. 
cement    and    gypsum    in    Buffalo, 

Pohlman. 
geology  of  Buffalo,  Ashburner. 
life  history  of  Niagara,  Pohlman. 
lower  Helderberg  of  Cayuga  Lake, 

Williams,  S.  G. 
Niagara  shales,  Ringubbbro. 
petroleum  and  gas,  Ashburner. 
salt    wells    and    deposits,    Bishop. 

Newbehry.    Wyatt. 
serpentine  at  Syracuse,   Williams, 

G.H. 
well  at  Morristown,  Prosser. 

Nomenclature,  report  of  subcommittee 
on  lower  Paleozoic,  International 
Congress  of  Geologists,  Wincbeu., 
N.H.  (etal.). 
Silurian  in  geology,  Dana,  J,  D. 

North  Carolina,  Hiawasse  valley,  Coi^ 

ton. 
Ohio^  cements,  LORD. 

Clinton  group,  Foerstk. 

^^\\w^<^\^^  «^  Wivriaq    island  »l)oal 
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SUuilaii,  npper^Contiuaed. 
Ohio — Cod  t  i  n  ii  od , 

geology  of  Ohio,  Orton. 

gypsum,  Orion. 

lime,  Orton. 

new  horizons  of  oil  and  gas,  Orton. 

Ohio  valley,  Siialer. 

report  on  oil  and  gas,  Orton. 

section  at  Todd's  Fork,  Fobrste. 

section  ot  southwest  Ohio,  Jambs. 

vicinity  of  Cincinnati,  Burkb. 
PennBylvania,  flexures  in  central  Penn- 
sylvania, Margarie. 

four  great  sandstones,  Claypolb. 

Lehigh  River  section,   Hill,  F.  A. 
Winslow. 

materials  of  the  Appalachians,  Clay- 
polb. 

paint  ores  along  Lehigh  River,  Hill, 
F.  A. 

rivers  and  valleys,  Davis,  W.  M. 
Tennessee^  Bays  Mountains,  Willis. 

east  Tennessee  fossil  ore,  Cowlan. 
Proctor. 
Virginias f  Greenbrier  County,  Page. 

New    River-Cripple    Creek    region, 
d'Invilliers  and  McCreath. 

upper    Cumberland    valley,    Mc- 
Creath and  d'Invilliers. 

southwestern  Virginia,  Stevenson. 
TVyomingy  report  of  Geologist,  Ricketts. 

BIVER,  Leonard  D.  The  geology  of  the 
Aspen,  Colorado,  ore  deposits. 

Eng.  and  Mining  Jour.,  vol  46,  pp.  195-198. 
1888. 

Dencription  of  the  fsnlta,  flexnrM,  and 
stratigraphy  of  Aspen  Monntain. 

BMITH,  Eugene  A.  Report  of  the  sub- 
committee on  Cenozoic  (marine). 

Inteiiiational  Congress  of  Oeologists,  Am. 
Committee  Reports,  1888,  F,  pp.  19. 

Am.  Geologist,  vol.  2,  pp.  2G9-284.    1888. 

DenoriptioQ  of  strati (^'apl^y  of  Tertiary  of 
Alabama  and  references  to  its  cTiaracteristice 
in  the  other  Gulf  Slates.  Discussion  o(  the 
occnn'ence,  ranf^e,  equivalency,  and  tixon* 
-omy  of  its  subdlviHion.  Inohides  extracts 
from  betters  by  T.  H.  Aldrich,  h.  W.HilKard, 
L.  C.  Johnson,  Anjzolfi  Heilprin,  J.  S.  New- 
berry,  R  P.  Whitfield,  W.  H.  DaU,  Alex. 
Winchell,  and  Joseph  Le  Gonte. 

and  JOHNSON,  Lawrence  C.  Ter- 
tiary and  Cietaceoiis  strata  of  the  Tus- 
caloosa, Tombigbee,  and  Alabama 
rivers. 

U.  8.  Oeol.  Snnrsy,  Bull.,  voL  7,  pp.  153- 
341,  pis.  i-XXl.    Nql43.    1887. 


SMITH,  Eugene  A.,  and  JOHNSON, 
Lawrence  C. — Continued. 

Abstracts,  Am.  Geologist,  voL  4,  pp.  188- 
191,  1889;  Am.  Naturalist,  voL  24,  pp.  164- 
166,  1890. 

Detailed  descriptions  of  formations  fW)m 
white  limestone  of  the  Tertiary  to  the  Tosca* 
loosa  of  supposed  lower  Cretaceous  Age,  and 
of  flexures  and  faults,  and  diacussinn  of  char< 
acteristics,  relations,  genesis,  extension,  and 
equivalence  of  the  various  members  and  their 
structural  relations,  relative  positions,  and 
correlation  at  some  of  the  exposures.  Dis- 
cussion of  age,  correlation,  and  relations  of 
Tuscaloosa  formation,  with  a  r6snm6  by  W  J 
HcGee.  Accompanied  by  a  colored  geologic 
map. 

SMITH,  Walter  B.  Mineralogical  notes. 
No.  n. 

Colorado  Sci.  Soc.,  Proo.,  vol.  2,  pp.  161- 
166.    1888. 

Includes  a  description  of  the  occurrence 
and  relations  of  a  corundum  schist  in  Chaffee 
County,  Colorado. 

SmithBonian  InBtdtutlon,  Report, 
1886-87. 

North    American   Geology  for  1886, 
Darton. 

SMOCK,  John  C.  A  geological  recon- 
naissance in  the  crystalline  rock 
region,  Dutchess,  Putnam,  and  West- 
chester counties,  New  York. 

New  York,  Thirty-ninth  Report  State 
Museum  of  Nat.  Hist.  1885,  pp.  166-185,  pL 
1886. 

Describes  the  boundaries,  lithology,  aad 
structure  of  the  "  Archean  "  rocks  of  Stidaing 
and  Dover  Mountains  and  tho  highlands  east 
of  the  Hiuloon.  DiAiussea  their  relations  to 
the  associateti  quartsites,  limestones,  and 
orystallin''  schists,  and  their  equivalency. 

Bailding  stones  in  the  State  of  New 

York. 

New  York  State  Mns.,  Bnll.  No.  8,  152 
pages.     1888. 

Koferences  to  relations  at  various  localities 
in  formations  from  Archean  to  Devonian, 
preceded  by  a  chapter  un  geological  position 
and  geographical  distribution. 

SNOW,  F.  H.  [Remarks  on  nickel- 
hearing  rock  in  Logan  County,  Kansas.  ] 

Am.  Geologist,  vol.  3,  p.  216,  |  p.    1889. 
Reference  to  characteristics,  age,  and  reli^ 
tions  of  the  rock. 

Soci^t^  gtelogiqne  de  France,  Bnlle- 
tiu,  tome  15. 
Kolief  map  of  part  of  PenLftylyania^ 
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Sonth  America,  Cerro  de  Pasco,  Pern, 

HODGFS. 

FeriiaD4io  Xoronha,  Brannkr.   Gill. 

Williams,  G.  H. 
Mesozoic  of  St'r;ripe'Alagofl«  regpon, 

Brazil,  Branxkk. 
Cretaceons    ami    Tertiary,    Sergipe- 

Alap^ofls  basin,  Brazil,  Braxnkr. 
Mon:izite  io  rocks,  Brazil,  Derby. 
Quaternary  deposits,  recent  elevation 

and  loess,  Brazil,  Mills. 

Bonth    Carolina,    contact    phenomena, 
Richards. 
King's  Moiiiitain  region,  Furmak. 
phosphate  deposits,  Penrose. 

80WTER,  T.  W.  Edwin.  Preliminary 
notes  on  the  Chazy  formation  at  Ayl- 
mer.  Province  of  Quebec. 

Ottawa  Natnralist,  vol.  2,  pp.  11-15.    1888. 

Description  of  the  8tratij;raphy  an<l  paleon- 
tology of  the  Chazy  and.ita  relations  to  the 
Black  River  beds. 

SPENCER,  James.  On  the  occarrence 
of  a  bowlder  of  granitoid  gneiss  or 
gneissoid  granite  in  the  Halifax  hard- 
bed  coal,  with  a  note  by  T.  G.  Bouney. 

British  Assoc.  Adv.  Science,  Keport  of 
fifty -eighth  meeting,  pp.  6Ul-6fi2,  |  p.     1889. 

Notice  of  its  occnrreDce  and  statement  in 
regard  to  hoiizon,  with  a  petrographio  note 
by  T.  G.  Boiiney. 

SPENCER,  J.  W.  Notes  upon  warping 
of  the  earth's  crnnt  in  relation  to  the 
origin  of  the  basins  of  the  Great  Lakes. 

Am.  Natnralist,  vol.  21,  pp.  168-17L    1887. 

DiHcti.«8t'.H  the  ^Dtour  of  the  bed  of  the 
pref;1acial  Mi.sHissippi  from  borc-hoIe  records 
and  flnda  ovideiice  of  an  anticlinal  deforma- 
tion  having  its  axis  near  Little  Kock  and 
traceable  eastward,  past  lakes  Erie  and 
Ontario,  involving  their  terraces  as  shown  by 
Gilbert.  The  age  of  the  uplift  is  discussed 
from  evidence  presentwl  by  drainage  features 
in  the  MiiMiflsippi  yalley  region  and  the  ter- 
races of  the  Groat  Lakes. 

-^  A  landslide  at  Brautford,  Ontario, 
illnstrutiug  the  etl'ects  of  thrusts  upon 
yielding  strata. 

Am.  Natnralist,  vol.  21,  pp.  267-269.    1887. 

Describes  and  figures  the  resulting  series 
of  folds  and  discasses  the  cause  of  the  move- 
ment. 

— -  Age  of  the  Niagara  River. 

Am.  Naturalist,  vol.  21,  pp.  2G9-270.    1887. 

Discusses  evidence  in  regard  to  the  p:*e- 
glacial  outlet  of  Lake  Erie  lu  ouuu^^cUou  vv vlh 
the  St  David's  valley  theory. 


SPZSNCER,  J.  W.^Continaed. 
Hummocks  and  bowlders  of  decom- 
position in  soatheastern  Missouri. 

Am.  Naturalist,  toL  21,  pp.  266-387.    1887. 

Describes  furrowed  and  rounded  snrraoes 
of  red  granolites  and  compare  tke  resnlta 
with  those  produced  by  glaciation. 

Am.  Natnralist,  voi  2 1 ,  pp.  917-92L    1887. 

Ab»tract8,  Am.  Greologist,  vol.  1,  pp.  120-121, 
f  p.,  1888;  Am.  Asaoc.  Adv.  Science,  Froc., 
voL  36.  p.  220.  k  P-.  1888. 

Sand  bowlders  in  the  drifts,  or  snb- 

aq neons  origin  of  the  drift,  in  central 

Missouri. 

Describes  the  drift  and  ite  contained  bowl- 
der-ahaped  masses  of  stratified  sand.  Dis- 
eosses  the  otigin  of  these  *'  bowldera,**  which 
are  regaided  as  frozen  masses  deposited  with 
the  drift  and  indicative  of  its  snbaqueoits 
origin.  Calls  attention  to  similar  occurrences 
elsewhere  and  gives  analysis  of  drift  clay. 

Notes    upon  the  theory  of  glacial 

motion.     [Abstract.] 

Am.  Assoc.  Adr.  Science,  Ptoc.,toL  36^  p. 
220.  i  p.    1888. 

R68um6  of  evidence  indicating  the  internal 
conditions  of  glacial  movemont. 

Lake  beaches  of  Ann  Arbor. 

Am.  Geologist,  voL  2,  p.  62,  |  p.    188& 
£xpres))iun  of  opinion  in  regard  to  their  oii*, 
gin  snd  relations. 

Notes  on  the  drift  north  of  Lake 


\ 


Superior. 

Am.  Natnrallft,  vol.  22.  pp.  344-345.    1888. 

Science,  rul.  11,  pp.  138-139,  |  coL    1888. 

Abstract  of  paper  read  to  Philoeopbical 
Society  of  Washington. 

Relations  of  clays,  moraine-like  ridges  si 
bond  of  Georgian  Bay,  xone  of  drift  ridges 
from  Georgian  Bay  to  Lake  Ontario,  ridges  at 
Bellville,  and  direction  of  striation  in  Ottawa 
valley  and  westward  to  Lake  Superior. 

—  The  St.    Lawrence   basin  and  the 
Great  Lakes.     [Abstract.] 

Canadian  Record  Science,  voL  3,  pp.  23^ 
235.    1888. 

Science,  vol  12,  pp.  09-100,  j  p.    1888. 

Sci.  Am.  Snpt.,  vol.  26,  pp.  10671-10672, 1  coL 
Folio.    No.  068.    1888. 

Am.  Geologist,  vol.  2,  pp.  346-348.    1888. 

Am.  Assoc.  Adv.  Science,  Froc,  voL  S7, 
pp.  197-199.    1889. 

Am.  Natnralist,  voL  23,  pp.  491-494.    1889. 

Sketch  of  the  history  of  the  Great  Lakes, 
their  drainage  and  the  nature  of  the  attendant 
orustal  deformation  of  the  region,  discu.<uion 
of  the  origin  of  their  basins  and  statement  of 
objections  to  the  theory  of  glacial  erosion  and 
damming. 

—  Glacial  erosion  in  Norway  and  in 
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SPENCER,  J.  W.~  Continued. 

Canada,  Roy.  Soc,  Trans.,  vol.  5,  soction 
IV,  pp.  89-98.   1888. 

Am.  Naturalist,  vol.  22,  pp.  218-231.    1888. 

AbRtract.  Am.  Assoc.  Adr.  Soienoe,  Froc., 
vol.  36,  pp.  218-220.     1888. 

Ab8tract  and  review^,  Am.  G^eologlst,  vol. 
2,  pp.  432-433.    1888. 

Deficription  of  relations  at  the  bases  of  some 
Norwe^^ian  glaciers,  reference  to  tbe  meohati* 
iciil  rosilts  of  ice  action  at  various  Arctic 
localities,  and  discussion  of  conditions  and 
effects  of  glacial  erosion. 

The  Iroquois  beach — a  chapter  in 

the  hihtory  of  Lake  Ontario. 

Science,  vol.  11,  p.  49,  ^  p.    1888. 

Abstract  of  paper  read  to  Washington 
Philosophical  Society. 

Gives  an  account  of  the  extent,  deformation, 
and  relations  of  the  uppermost  beach  of  a 
glacial  bike  for  which  the  name  Lake  War^ 
ren  is  rtu^^gestcd  and  of  which  Lake  Ontario 
is  the  shrunken  remains. 

Economic  geological  survey  in  Geor- 
gia and  Alabama  through  the  belt 
traversed  by  the  Macon  and  Birming- 
ham Railway,  86  pages,  map,  pi.  Athens. 

1889. 

Abstract.  Am.  G^eologist,  vol.  5,  p.  105,  |  p. 
1800. 

Includes  a  genersl  desciiption  of  salient 
geologic  features  of  formations  from  Arohean 
to  Carboniferous  and  of  the  Pleistocene,  and 
an  account  of  the  ores,  coals,  limestoDes,  And 
soils  of  the  region. 

— : —  On  glacial  erosion. 

Am.  Geologist,  vol.  3,  pp.  208-212.    1880. 

Kefers  to  chnracteristics  of  glaciation  hi 
Korway  and  elsewhere,  and  phenomena  of  ice 
action  in  Hudson  Bay. 

STANTON,  T.  W.  Paleontological 
notes. 

Colorado,  Scl.  Soc,  Proc,  voL  2,  pp.  184- 
187.     1*88. 

Description  of  outcrops  and  members  of 
and  list  of  fossils  from  exposures  of  Colorado 
group  near  Boulder. 

Staten  Island,  Natural  Science  Abso- 
ciation,  Proceedings,  1887. 

Fossils   in    drift  of  Staten    Island, 

Gratacap. 
Nature  and  origin  of  Staten  Island 

serpentines,  Gratacap, 
Well  at  Clifton,  Hollick. 

1888. 

Leaf   impressions    in    sandstone    in 

drift,  Hollick. 
Notes  on  the  modified  drift,  BRirrON. 


Staten  Island,  Natural  Science  Asso- 
ciation, Proceedings,  1889~Cont'd. 
Cretaceous   at    Grassniere    Station, 

Staten  Island,  Britton. 
Fossiliferous    sandstones    in    clays, 

Hollick. 
Oriskany  bowlder  on  Staten  Island, 

Gratacap. 
Outcrops  of  Cretaceous  and  Triassic, 

Britton. 
Triassic  shale  ontcrops,  Hollick. 
YeUow  gravel  formation,  Britton. 

STEVENSON,  J.  J.  A  geological 
reconnaissance  of  Bland,  Giles,  Wythe, 
and  portions  of  Pulaski  and  Montgom- 
ery counties  of  Virginia. 

Am.  Phil.  Soc,  Froc,  vol.  24,  pp.  61-108, 
map,  2  plates.    No.  125.     1887. 

Describes  and  discaases  the  stmotiiral  rela< 
tions.  stratigraphy,  and  areal  distribution  of 
the  geologic  groaps  li-om  the  Cambrian  to  the 
lower  Carboniferous.  Accompanied  by  a 
colored  geologic  m»p  and  two  plates  of  struc- 
tural sections. 

Notes  on    the   surface   geology    of 

southwest  Virginia. 

Am.  Phil.  Soc,  Froc,  voL  24,  pp.  172-178. 
No.  125.    1887. 

Describes  the  drainage  systems  and  topo« 
graphic  features  of  the  region,  the  two  "ero- 
sion planes"  along  i*he  New  Kiver,  and  others 
on  and  near  the  Clinch  and  Holston  rivers, 
and  the  high  beaches  and  fragmentary  plains 
of  the  "  Flat  top  "  country  of  West  Virginia. 
Discusses  the  history  of  the  terraces  and 
planes,  the  origin  of  their  materials,  the  es- 
tablishment of  the  drainage  and  its  relation 
to  the  faults,  flexures,  and  rock  texture,  the 
former  eastward  extent  of  the  Coal-measure 
rocks,  and  the  amount  of  erosion  and  Its  rela- 
tion to  the  faults. 

The  faults  of  southwest  Virginia. 

Am.  Jour.  Sci.,  3d  series,  voL  33,  pp.  202-270. 
1887. 

Description  of  their  relations  and  discussion 
of  their  history. 

Notes  on  the  lower    Carboniferous 

gronps  along  the  easterly  side  of  the 
Appalachian  area  in  Pennsylvania  and 
Virginia. 

Am.  Jour.  Sci.,  8d  series,  vol.  34,  pp.  37-44. 
1887. 

Describes  the  stratigraphy  of  the  Umbral 
and  Vespertine,  and  discusses  the  bearing  of 
the  variations  in  the  thickness  and  composi- 
tion on  the  position  of  the  shore  lincH,  and 
conditions  of  the  (Ici)osition,  and  their  equiva- 
lency witi)  tbi>.  8ub-Caibonitvrou&  members  of 
the  Mississippi  valley 
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STEVBNSON,  J.  J.— <?on tinned. 

lU*[*oTt  i»f  the .inbcominittoe on  npper 

Pa'«*<»zoi«;  (CarlH>nic). 

International  Congress  of  G«olofi«ts,  Am. 
Coounittee  Beports,  1888,  D,  pp.lL 

Am.  Geologist,  vul.  2,  pp.  246-^:36.    16Si. 

Dlh^-ii.-siuu  of  the  r«u^e,  equiralenoj,  coT' 
n.'L'itiMU,  and  taxoooiuy  of  the  formaiioDS  eoo- 
siitutinf;  the  Carbonic 

-^—  The  Mesozoic  rocks  of  soatbem  Col- 
ora^Jo  and  northern  New  Mexico. 

Am.  Oooiogist,  vol.  3,  pp.  391-397.    1889. 

Sutotnary  of  dintribalion  and  character* 
istics  of  the  several  formations,  and  discos- 
sion  of  their  extent,  range,  and  stntigraphio 
position. 

STOCKBRIDOE,  Horace  £.  Rocks  and 
soils;  their  origin,  composition,  and 
characteristics,  23U  pages.  New  York, 
18di). 

Chapters  on  geologic  history  of  the  earth, 
rock  compoiiition  and  decomposition,  and  the 
agencies  and  products  of  rock  dismtegratioiL 

STOmS,  George  H.  A  living  glacier  on 
Hagne's  Peak,  Colorado. 

Science,  roL  10,  pp.  163-134.    1887. 
Also  describes  serieii  of  moraines  of  ancient 
glaciers  in  the  same  basin  and  its  vicinity. 

Terminal  moraines  in  Maine. 

Am.  Joor.  SoL,  8d  series,  voL.  83^  pp.  378-385. 
1887. 


STONE,  Gfrorge  H.~Cotitinned. 

]>ei«cribes  moratnie  drifU  on  the  Androo- 
co^n  at  Keadtield  Village,  Swan  Island, 
SatRSttisville,  Uarhiiis,  and  Waldoboro. 
Discusses  the  h=stor\  of  some  of  the  deposits 
eopecially  of  those  in  the  Medomne  Birer 
regioa. 

[Gravels  and  osar  of  Maine. J    See 

CHAMBTiHTiTN.  T.  C.    Report  divis- 
ion of  glacial  geology. 

STRBERXrWITZ,  W.  H.  Coal  in 
Texas. 

GtooL  and  ScL  BolL,  voL  1.  1|  ooL  A^. 
Feb.,  1888. 

Indndes  referenees  to  some  of  the  Carbon- 
iferons  ontcrops. 

Report   of    Geologist   for  western 

Texas. 

Texas,  GeoL  and  Mineralogical  Snrrey, 
First  Report,  1888,  pp.  31-43.    1888. 

Abstract,  Geol.  and  ScL  Bull.,  toL  I,  Nor.. 
1888.  I  ooL    40. 

Itinerary  notes  of  a  gecdogic  trip  from  H 
Paso  to  Fort  Davis. 

STUR,  D.  Die  Lnnzer  (Lettenkohlon) 
flora  in  der  ''older  mesozoic  beds  of 
the  coal  field  of  eastern  Virginia.'' 

Vienna,  k.  k.  Gteol.  Reichaanatait,  Verhand- 

inngen,  1888,  pp.  203 ^    188& 

Kotsoen. 


T. 


TAIT,  J.L.    [Report.] 

Texas,  Q-eol.  and  Mineralogical  Surrey, 
First  Report,  1888,  pp.  04-CO.     1889. 

Kotes  on  priocipal  geologic  features  and 
economic  minerals  of  Edwards,  Medina,  At* 
ascosa,  llexar,  Frio,  and  La  Salle  counties. 

-^—  Gas  well  at  San  Antonio. 

Geol.  and  Sci.  Bull.,  vol.  1,  Feb.,  1889,  |  col. 
Record  of  material  passed  through  in  a  373- 
foot  well. 

TATLOR,  W.  Edgar.    Geology  in  our 
preparatory  schools. 

Am.  Geologist,  vol.  1,  pp.  316-321.    1888. 
Gives   a  brief  outline  for  laboratory  and 
field  work  in  geology. 

TexmeBsee,  analyses  of  ores,  Fleming. 

coal,  ASU BURNER. 

base  of  Paleozoic  iu  Doe  River  gorge, 

Britton, 
Bays  Moan  tains,  Willis. 
caves,  Kixgslry. 
East  Tennessee  minerals,  Cowlait. 


Tennessee — Continued. 

marbles  of  Hawkins  Connty,  Willis. 
mineral  resources,  Proctor. 
western  iron  belt,  Killebrkw. 
round  about  Abheviile,  Willis. 

Tertiary. 
Alabania,  Tnscaloosa,  Tombigbee,  and 
Alabama  rivers,  Smith  and  Joiln- 
SON.    McGee. 
old  Tertiary  fauna,  Meyer. 

Arkan8€t8f  west  central,  Comstock. 
equivalence  iu  time  of  marine  and  in- 
tra- con tiuen tal  T  e  r  t  i  a  r  i  e  s ,  I{il- 

GARD. 

Neozoic  geology.  Hill,  R.  T. 
relations  of  upper  Cretaceous,  Hill, 
K.  T. 

California,  Becker.  Dutton.  Bow- 
ers. Goodyear.  Irblan.  Jack- 
sun.  Weber.  Schuster.  Le 
Conte.   White,  C.  A.   Lindgrkn. 
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Tertiaxy — Con  t  i  n  ued. 
California — Conti  uaed. 
catalognes  of  fossite,  Coopbr. 
eoast  islands  and  coast  legion.  Lb 

CONTB. 

origin  of  gold  deposits  near  Oaray, 
Enducii. 

BOQthern  California,  Hawks. 

silicified  wood,  Frirdrich. 
Canada^  Belly  River,  Copb. 

Cretaceoas  floras  of  the  Northwest, 
Dawson,  J.  W. 

Eocene  fannse,  Dawson,  J.  W. 

Laramie  flora.  Ward. 

northern  Alberta,  etc.,TTRRBLii. 

northern  part  of  the  Dominion,  Daw- 
son, G.  M. 

relations  of  British  American  plants, 
Drummond. 

woods  and  plants  from  western  Cali- 
fornia, Dawson,  J.  W. 

Yakon  region,  Dawson,  G.  M. 
Colorado,    age  of    Denver   formation, 
Copb. 

coal  field  of  Crested  Butte,  Lakes. 

coals,  Newberry. 

Denver  formation,  Cross. 

Denver  region,  Eldridob. 

Dihosauria  of  the  Denver  beds,  Can- 
non. 

emptives  of  Spanish  Peaks  region. 
Hills. 

field   for   original    work  in    Rooky 
Mountains,  Hills. 

fossil  plants  from  Golden,  Lesque- 

REUX. 

geology  of  Colorado    ore   deposits, 
Lakes. 

Huerfano  River  basin,  Hills. 

Laramie  flora.  Ward. 

mountain     upthrnsts,    Uinta,    etc., 
White,  C.  A. 

northwestern  coal  region,  HEwrrr. 

oil  fields  of  Fremont  County,  Ihlseng. 

Ouray  County,  Kedzib. 

San  Juan  region,  Ihlsbnq. 
•  upper  Eocene  lacustrine  foimations, 
Scott. 

vertebrate  fauna  of  the  Pnerco  epoch. 
Cope. 
Dakota,  Black  Hills  region.  Carpen- 
ter.   Crosby. 
Florida,  Johnson.    Dall.    Heilprin. 

geologic  survey,  KosT. 

intermediate  Pliocene  fauna.  Cope. 


Tertiary — Contin  ned. 
Florida — Conti  nned« 
Miocene,  Langdon. 
Oligocene,  Johnson. 
well  at  San  Augustine,  Ebnnish. 
west  coast  and  Okeechobee  wilder- 
ness, Heilprin. 
Idaho,  volcanic  dusts,  analysis,  Whit- 
field, J.  E. 
Kansas,    geology  of    Kansas,  lecture, 
Hay,  R. 
history  of  geologic  work,  Hay  and 

Thompson. 
report  on  geology.  Hay. 
nickel  ore,  Logan  County,  Snow. 
southwestern  Kansas,  St.  John. 
Kentucky,    Jackson    Purchase   region, 

LOUGMRIDGE. 

western  Kentucky,  Proctor. 
Louisiana,  iron  ores,  analyses,  RiGGS. 
iron  region  of  northern  Louisiana, 

Johnson. 
Petite  Anse  salt  deposits,  Bolton. 

POMBROY. 

Maryland,  Cretaceous  in  Anne  Arundel 
and  Prince  George's  counties, 
Clark. 

Cretaceous  of   southwestern    Mary- 
land, Bryan. 

Eocene  and  its  associates,  Uhler. 

southern  counties,  Clark. 

three  formations  of  the  middle  Atlan- 
tic slope,  McGee. 
MassaokusetU,  Martha's  Vineyard,  Sha- 

LER. 

Mexico,  Baja  California,  Lindgren. 
Sonora  earthquake,  Goodfellow. 
valley  of  Mexico,  Chism. 
Mississippi,    Grand    Gulf  formation, 
Johnson. 
flora,  Meyrr. 
iron  ores,  Brainerd. 
Montana,  Iron  Butte,  Calvin. 
volcanic  dusts,  analyses,  Whitfield, 
J.  E. 
Nebraska,  coals,  Ashburnbr. 
quartzite,  HicKS.    Todd.       ^ 
soils.  Hicks. 
Neto  Jersey,  artesian  wells.  Cook. 
boring  at  Atlantic  City,  Woolman. 
diatoms  in  well  at   Atlantic    City, 

King. 
geologic  map,  Cook. 
map  of  vicinity  of  New  York  city, 
Martin. 
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Tertiaxy — Continiieil. 
Hew  Jer$ejf — Contiuaed. 
Miocene  niollnsca,  Hkilprik. 
loUiioua  of  apper  CretaeeooB,  Hiu, 

R.T. 
apper  marl- bed,  Cook.    WiiirriELD. 
yellow  gravels,  Brittoh. 
Ifew  Mexico,  nnrtbeaetem,  Dutton. 
vertebrate  faona  of  Paerco  epoch, 
Coke. 
New  Yorkf  Long  Island,  Dana,  J.  D. 
map  of  vicinity  of  New  York  City, 
Maktix. 
New  Zealandf  copper  mines,  Hknrich. 

Nomenclature  and  classiJieatioHf  classifi- 
cation of  post-Cretaceoiis  deposits, 
Hkilpkin. 

eqai valence  of  Benonian  and  Eocene, 
Ward. 

equivalence  in  time  of  marine  and 
jntra-continental  Tertiaries,   HiLr 

GARD. 

fannal  and  floral  relations  of  western 

Tertiaries,  Wuite,  C.  A. 
North    American    eastern    Tertiary, 

Mrtrr. 
reports  on  Ceuozoic  (interior),  Cope. 
report  on  Cenozoic  (marine),  Smith, 

£.  A.     Aldrich.    Cope.     Dall. 

Heilprin.    Hilgard.     Le  COIVTK. 

Newberrt.    Winchell,  a. 
relations   of    Laramie    to    Eocene, 

White,  C.  A. 
explorations  in  Florida,  Heilprin. 

Oregon,  intermediate    Pliocene  fanna, 
Cope. 
western  Oregon,  Duttok.    Lang. 
Pennsylvania,  history  of  rivers  and  val- 
leys, Davis,  W.  M. 
South  America f  Brazil,  monazite  in  rocks, 
Derby. 
Brazil,  Sergipe-Alagofts  baein,  Bran- 

NER. 

Texas,  eastern,  Penrose. 
geolugy  of  Texas,  Hill,  R.  T. 
Colorado  River  region,  Hill,  R.  T. 
Nacogdoches  oil  field,  Dumblb. 
Neozoic  geology,  Hill,  R.  T. 
relations  of  npper  Cretaceous,  Hill, 

R.  T. 
Shninard  on  Texas  geology,   Hill, 

R.  T. 
South  ot^ntral  Texas,  Jbrmy. 
soatLieru  Texas,  Tait. 
western  Texas,  Hill,  R.T. 


I  Tertiary — Confinned- 

Utah,  Laramie,  White,  C.  A. 
upi>er  Eocene  lacustrine  formations, 
Scorr. 
Virginia,   ihree  formations  of  middle 

Atlantic  slope,  McGer. 
Wyoming,  Brontops  robniitos,  Marsh. 
geologic  history  of  Yellowstone  Park, 

Hague. 
Laramie,  Ward.    White,  C.  A. 
apper  Ekicene  lacastrine  formatioiiSi 
Scott. 

Tezaa,  Geological  and  Mineralogical 
Survey,  First  Report;  1888. 
Western  Texas,  Strberdwttz. 
Northern  Texas,  Cummins. 
Eastern  Texas,  Penrose. 
8onth  central  Texas,  Jxrmy.    Tait. 
San  Saba  County,  Gregg. 

Texas,  Arcbean,  H4RRod.    Hill,  R.  T. 
Jermy.    StreeruWitz. 
age  of  coal  in  Rio  Grande  region, 

White,  C.  A. 
age  of  uppermost  Cretaceous,  ROmeb. 
Carboniferous,  Cummins. 
Cretaceous    and    its     equivalency, 

White,  C.  A. 
Cretaceous  river  bed.  Hays  County, 

Pond. 
building  stones   of  eastern    Texas, 

Penrose. 
Bnmet  County,  Walker. 
coal,  Ashburner. 
cross-timbers.  Hill,  R.  T. 
drift  at  Gainesville,  Ragsdalx. 
eastern  Texas,  Penrose. 
events  in  North  American  Cretaceous 

history.  Hill,  R.  T. 
geology  of  western  Texas,  Hill,  R.  T. 
geologic  story  of  Colorado    River, 

Hill,  R.  T. 
gas  well  at  San  Antonio,  Tait. 
Grimes  County,  R.  G. 
Haldcman  County,  J.  T.  W. 
Hill  on  Cretaceous,  Cops. 
lower  Cretaceous  of  the  Southwest, 

Whitb,  C.  a. 
iron  regions  of  eastern  Texas,  John- 
son. 
Neozoic  geology,  Hill,  R.  T. 
new  Cretaceous  fossils,  Hill,  R.  T. 
Nacogdoches  oil  field,  Dumblb. 
northern  Texas,  Cummins. 
occurrence  of    Macraster    Texanos, 

Hill,  R.  T. 
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— Cod  tin  lied, 
origin  of  certain   CretaoeooB  liiue- 

Btones,  Hi  IX,  R.  T. 
original  locality  of  Grypbsea  Pitcberi, 

Marcou. 
present  condition  of  knowledge  of 

geology,  Hill,  R.  T. 
paleontology  of    CretaceouB,  Hill, 

R.  T. 
paleozoic  of  central  Texas,  Walcott. 
Permian,  Hill,  R.  T.    Whitb,  C.  A. 
Permian    in    Baylor,     Archer,    and 

Wichita  oonnties,  Whitb,  C.  A. 
relations  of  nppermost  Cretaceons, 

Hill,  R.  T. 
rolarions  of  Laramie,  Whitb,  C.  A. 
Rio  Grande  valley,  OWKN. 
Shnmardon  westernTexas,  Hill,R.T. 
south  central  Texas,  Jermy.   Owen. 
southern  Texas,  Tait. 
San  Saba  County,  Grego. 
story  of  Colorado  River,  Hill,  R.  T. 
Tertiary,  Cope. 
Texas  section  of  Cretaceous,   Hill, 

R.T. 
Trinity  foriyation,  Hill,  R.  T. 
western  Texas,  Hill,  R.  T.  Streeru- 

WITZ, 

Texas,  Univeraity  of;  School  of  Oeol- 
ogy,  Circular  No.  1,  Hill,  R.  T. 

THOMPSON,  A.  H.  History  of  geologic 
studies  in  Kansas.  See  HAT,  Robert, 
and. 

[THOMPSON,  M.J    Preface. 

Indiana,  Department  of  G-eol.  and  Nat. 
Hist.,  Fifteenth  Report,  1886,  pp.  5-9.     1886. 

General  statemeuta  in  rej^ard  to  the  '*  Wa- 
bas)i  Arch,"  aud  iU  rolation  to  the  drainage 
and  drift  phenomena. 

[ ]  Compendium  of  the  geology  and 

mineralogy  of  Indiana. 

Indiana,  Department  of  Geol.  and  Nat. 
Hist.,  Fifteenth  Report,  1886,  pp.  10-25. 
1886. 

General  sketch  of  the  areal,  straotaral,  and 
strati  ^-aphio  geology. 

[ ]  Indiana  building  stone. 

Indiana,  Department  of  Geol.  and  Nat. 
Hist. ,  Fifteenth  Report,  1886,  pp.  26-33.    1886. 

Description  of  the  Oolitic  limestone,  its 
distribution,  origin,  comx>osition,  etc.,  and  of 
some  localities  of  lower  coal-measure  sand- 
stones. 

( ]  The  clays  of  Indiana. 

Indiana,  Department  of  Geol.  and  Nat. 
Hist. ,  Fifteenth  Report,  1886,  pp.  84-40.    1886. 


[THOMPSON,  M.]— Continued. 

Describes  some  well  known  clay  deposits 
and  the  coal-measure  clays  of  Indiana.  Dia- 
ensses  the  origin  of  kaolin. 

[ ]  Indiana  chalk  beds. 

Indiana,  Department  of  Geol.  and  Nat. 
Hist. ,  Fifteenth  Report,  1886,  pp.  41-43.    1886. 

Description  of  chalky  marls  in  the  drift 
deposits,  and  discossion  of  their  origin. 

[ ]  Glacial  deposits  of  Indiana. 

Indiana,  Department  of  Geol.  and  Nat. 
Hist. ,  Fifteenth  Report,  1886,  pp.  44-56.    1 886. 

Discussion  of  glacial  action,  account  of  the 
glacial  period,  and  a  general  description  of 
the  distribution,  topof^raphy,  structure,  con- 
stituents, and  relations  of  the  drift  of  the 
State. 

[ ]  A  terminal  moraine  in  central  In- 
diana. 

Indiana,  Department  of  Geol.  and  Nat. 
Hist. ,  Fifteenth  Report,  1886 ,  pp.  57-60.  1886. 
General  description  of  tlie  course,  topog- 
raphy, and  structure  of  an  irregular  series  of 
mor.iines,  and  di.*teu8Hion  of  its  relatiuUH  to 
some  draiuago  features,  lorraces,  and  the  up- 
lift of  the  "  Wabash  Arch." 

[ ]  A  geological  survey  of   Clinton 

County. 

Indiana,  Department  of  Geol.*  and  Nat. 
Hist.,  Fifteenth  Report,  1886,  pp.  154-159. 
1880. 

Describes  morainal  drift,  discnsnesthe  prob- 
able boundaries  of  some  of  the  form«tions 
underlying  the  drift,  and  calls  attention  to 
evidence  of  ancient  stream  channels. 

[ ]  Marsball  County. 

Indiana,  Department  of  Geol.  and  Nat. 
Hist.,  Fifteenth  Report,  1886,  pp.  177-182. 
1886. 

Description  of  its  glacial  drift,  terrace,  nnd 
sand  deposits.  Discusses  the  origin  of  some 
drainage  features  and  bowlder  deposits. 

[ ]  A    geological    survey    of   Starke 

County. 

Indiana,  Department  of  Geol.  and  Nat. 
Hist.,  Fifteenth  Report,  1886,  pp.  221-227. 
1886. 

Description  of  Its  drift  and  "lake  sand" 
deposits. 

[ ]  Natural  gas. 

Indiana,  Department  of  Geol.  and  Nat. 
Hist.,  Fifteenth  Report,  1886,  pp.  314-333. 
1886. 

Discusses  the  genesis  of  gas  and  its  occur- 
rence in  Indiima.  Gives  records  of  a  number 
of  bore  holes. 

and  LEE,  S.  E.    Maxinknckee. 

Indiana,  Department  of  G«ol.  and  Nat. 
Hist.,  Fifteenth  Report,  1886,  pp.  182-186. 
1886. 
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r,   M.    am!    l^BB,   .S.   E.— 

Cootinnefl. 

■tu^i  «A  la*  Tacukl:>  cif  t^i*  Lake. 

THOMBOM,  James.    TL«-  g»^Io^  of  the 
Trrritory  of  liiaii««,  U.  S.,  aod  the  Ail-  [ 
T#-r  loH*»  i>f  Atlanta. 

177.     Lfe>;4. 
AecouDt  W  m  trip  fi 


TURHER.  Lrc.^bu  PljjMcal  and  zoo- 
logical eharaeter  of  the  Uogara  dU- 
triet.  Labrador. 


UtAb  to  Atlaata  \ 
Citr.  Lrief  AtAt^-m^ct^  m  regard  to  rtlxzkmM  ' 
•f  ernptiv«t,  ai^i  tiie  if  taBwirphif  rodk«  •€ •! 
tbe  Atlanta  rc^r^oa.  j 

XIFFAirr,  A.  S.    Tbe  ait^siao  well  at 
City  Park.  DaT«o|K»rt.  Iowa. 

Am.  Geologist,  toI.  3.  pp  1 17-1  IS.    lilQtt. 
8ci.AiB.,Sapt.,ToL27.  p.llv77.   Fulio.   Xo. 


Baeord  of  1. 797-root  velL  Calls  sttCBtioo  to 
aaeoofonaitj  at  Jiammit  of  the  Coraiferooa. 

W.  G.  Geology  and  litbolovj 
of  llicbipicoten  Bay.  See  HER- 
RICK,  C.  L.,  TiaHT.  W.  G.,  and 
JONES,  H.  L. 

TODD,  J.  E.    Fa  rther  notes  on  *'  a  green 
qnartzite  from  Nebraaka." 

Am.  Geolo^lsf,  rol.  3.  pp.  59-4S0.     1889. 
DincnsMfS  litnitsanil  origin  of  the  drtfta.  B»- 
fem  to  v»rutUM  localities  of  the  qnartzite  in  Ne- 
braska aod  Dakota,  its  altitudes,  dip,  and  age. 

Evid«*nee  tbat  Lake  Cbeyenne  cod- 

linned  till  the  ice  age.     [Abstract.] 

Am.  Assoc.  Adr.  Science,  Proc.,  toL  37,  pp. 

202-203.  I  p.     1689. 

Am. .  Naturalist,  yuL  23,  pp.  43(M37,  i  p. 
1880. 

Ststenieot  in  regard  to  relations  of  eome  of 
its  later  deponits  to  the  glacial  drifts,  and  dia- 
cni«><ioD  of  its  bearing  on  the  history  of  the 
Missouri. 

Tbe  terraces  of  tbe  Miasoari.    [Ab- 
stract.]   1889. 

Am.  Assoc.  Adr.  Science,  Proo.,  roL  37,  pp. 
203^205.    1889. 

Statements  in  regard  to  their  eleTstions,  ex- 
tent, slope,  deposits,  and  correlation,  with 
events  in  glacial  hUtory. 

[Glacial  geology  in  Nebraska  and 

Dakota.]    See  CHAMBERLIN,  J.  C. 
Report,  Glacial  DivUion. 

TOULA,  F.    Der  Yellowstone* National- 
park,  dor   ynlkanische   Aanbruch  anf 
Nen  Seeland  niid  das geyser-pbanomen. 
ss.  79,  abb.  5.     Wieo. 
Not  seen. 
— ^    Geologiscbe     forscbnngsergebnisse 
ana  dem  Flussgebiet  des  Oolorado.    ss. 
51,  abb.  U.    Wien. 
Ifot  soen. 


TYHRBUa,  J.B.  Report  cm  a  part  of 
Bortbem  Alberta  and  portions  of  adja- 
cent districts  of  Aasiniboia  and  Sas- 
katchewan,  embracing  the  eonntiy 
lying  soath  of  tbe  north  Saskatchewan 
River  aod  north  of  latitude  51^  G',  be- 
tween longitude  110^  and  115^  1.5'  west. 

Canada,  GeoL  and  Vat.  Hist.  Sorrvf ,  Re- 
port, 1886,  part  K,  pp^  1-lS*,  pla.  Maps  3  aad 
4  ia  Atlas.    1887. 

Abstracts,  ibid.,  pact  A«  pp.  t-11;  Oeol. 


MagaTine,  Sd  decade,  vaL    6,  pp.  a»-3n. 
18?& 

Drscription  of  Cretsoeooa,  Tertiary,  and 
QaateaarT,  aad  diacosslon  of  history  and  re- 
latioBS  of  some  of  the  deposits  and  aacleat 
diainage  featarea.  Accompanied  by  a  colored 
gecrfogic  map. 

On  the  sap  erficiaU  geology  of  tbe 


central  plateau  of  northwestern  Can- 
ada.   [Abstract.] 

Vatore,  vol.  38.  p.  tS,  24  linea. 

Kead  to  Geolo;;icaI  Society.  Brief  refereaee 
to  tbe  oecarrences  and  eharaoteristics  of  the 
aeveral  drift  featarea. 

Gypsum  deposits  in  northern  Mani- 
toba. 

Canadian  Record  Scianoe,  toL  S,  pp.  353- 
960.    1889. 

Aecoant  of  their  oecarrenoe  and  character- 
tics,  and  discassimi  of  their  sge  and  origin. 

UULER,  P.  R.  Tbe  Albirnpean  forma- 
tion, and  its  nearest  relatives  in  Mary- 
laud. 

Am.  FhiL  See.,  Proo.,  toL  2S^  pp.  4S-^  No. 
127.    188& 

Review  by  Carvill  Lewia,  lb  ,  pp.  53-54;  tad 
A.  Heilprin,  ib.,  p.  54,  |  p. 

Description  of  sands,  days,  ■andatoaes. 
qnartsites,  etc.,  lying  between  the  Potomae 
formation  and  the  Cretaceous  green-aandi. 
and  discussion  of  their  equivalency  and  atrali- 
graphic  relationa. 

Observations  on  the  Eocene  Tertiary, 

and  its  Cretaoeous  assoeiates  in  the 
State  of  Maryland. 

Maryland  Acad.  Sci.,  Trana.,  1888,  pp.ll- 
82.    1888L 

Description  of  distribation,  charaoteristloB, 
paleontology,  etc.,  of  the    Cretaoeom  aad 
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tJHLER,  P.  R.— Continned. 

Eocene,  and  diflouHsionfl  of  the  relRtions  and 
correlation  of  some  portioos  of  the  latter. 

AdditioDH  to  observations    on    the 

Cretaceous  and  Eocene  formations  of 
Maryland. 

Maryland  Acad.  Scl.,  Trana.,  1888,  pp.  45- 
Cl.     [18^9.] 

An  account  of  its  chamcteristics,  foasila^and 
rt'lations  at  varioaa  localities. 

UIjRICH,  E.  O.  a  correlation  of  the 
lower  Silurian  horizons  of  Tennessee, 
and  of  the  Ohio  and  Mississippi  valleys 
with  those  of  New  York  and  Canada. 

Am.  Geologist,  vol.  1,  pp.  100-110,  179-190, 
80&-315;  voL  2,  pp.  39-44  (to  be  continned). 
1888. 

Description  of  paleontology,  stratigraphy, 
and  structore  of  the  lower  Silurlaki  of  the 
Ohio  Valley. 

On  Sceptropora,   a   new  genns   of 

Bryozoa,  with    remarks  on    Helipora 
Hall,  and  other  genera  of  that  type. 

Am.  Geologist,  vol.  I,  pp.  228-234.    1888. 

Includes  brief  reference  to  the  equivalency 
of  the  lower  Silurian  in  northern  Illinois  and 
Stouy  Mountain,  Manitoba. 

United  States  Geological  Survey, 
Bulletins  No&  34  to  54. 

Relations  of  Laramie  mollnscan 
fauna,  White,  C.  A. 

Peridolites  of  Elliott  County,  Ken- 
tuckv,  DlILKR. 

Beaches  and  deltas  of  glacial  Lake 
Agassiz,  Upham. 

Chauges  in  river  courses  in  Washing- 
ton, Willis. 

Fossil  faunas  of  the  upper  Devonian, 
Genesee  section,  Williams,  H.  S. 

Gneiss-dunyte  contacts  of  Corundum 
Hill,  North  Carolina,  Chatarp. 

Miscellaneous  analyses,  Chatard. 
Clarke,  F.  W.  Riggs.  Whit- 
field, J.  £. 

Tertiary  and  Cretaceous  of  Tusca- 
loosa, Tombigbee,  and  Alabama 
rivers,  S.mith,  E.  A.,  and  Johnson. 
McGrb. 

Bibliography  of  North  American  ge- 
ology for  1886,  Darton. 

Present  condition  of  knowledge  of 
geology  of  Texas,  Hill,  R.  T. 

Nature  and  origin  of  deposits  of  phos- 
phate of  lime,  Penrose.     SUALEn. 

Inverttibrate  fossils  from  Pacillc 
coast,  WiUTJC,  C.  A. 


United    States    Gkeological    Survey, 
Bulletins  No.  34  to  54 — Continued. 
Form  and  position  of  sea  level,  Wood- 
ward. 
Subaerlal  decay  of  rocks,  Russell, 

LC. 
Geology  of  Nantucket,  Shaler. 

Sixth  Annual  Report. 

Atlantic  coast  division,  Shaler. 
Division  of  Mesozoio  invertebrates. 

White,  C.  A. 
Division  of  Paleozoic  invertebrates, 

Walcott. 
Division  of  the  Pacific,  Becker. 
Driftless   area,    Chamberlin   and 

Salisbury. 
Glacial  division,  Chamberlin,  T.  C. 
Lake  Superior  division,  Irving. 
Montana  division,  Hayden. 
Mount   Taylor   and    Zafii    plateau, 

Dutton. 
'  Report,  McGee. 
Rocky  Mountain  division,  Emmons. 
Sea-coast  swamps,  Shaler. 
Synopsis  of  flora  of  Laramie,  Ward. 
Yellowstone  Park  division,  Hague. 

Seventh, Annual  Report. 


Atlantic  coast  division,  Shaler. 
Lake  Superior  division,  Irving. 
Division  of  glacial  geology,  Cham- 

RERUN. 

Montana  division,  Hayden. 

California  division,  Becker. 

Division  of  volcanic  geology,  Dut- 
ton. 

Potomac  division,  McGee. 

Paleozoic  invertebrate  paleontology, 
Walcoti. 

Mesozoio  invertebrate  paleontology, 
White,  C.  A. 

Division  of  paleobotany,  Ward. 

Rock-scorings  of  the  great  ice  inva- 
sions, Chamberlin. 

Obsidian  cliff,  Yellowstone  Park, 
Iddings. 

Geology  of  Martha's  Vineyard, 
Shaler. 

Classification  of  early  Cambrian  and 
pre-Cambrian,  Irving. 

Structure  of  Trias,  of  Connecticut 
valley,  Davis. 

Geology  of  head  of  Chesapeake  Bay, 
McGke. 

—  Mineral  Resources^  1887. 
Rock  from  Nickel  Mountain^  Oce^nv^ 
M.iLiuaLi^Qi.'^* 
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United    States    Oeological    Survey,  I 
Mineral  Reeonrceak  1887— Cont'd. 

Coal,  ASHBORNKR. 

Infusorial  earth,  Day. 
Monograph  No.  13. 

Geology  of  qaicksilver   deposita  of 
the  Pacifio  slope,  Bbckkr. 

Monograph  No.  14. 


Fossil  fishes  and  fossil  plants  of  the 
TriaHsic  rocks  of  New  Jersey  and 
the   Connecticut    valley,   Nkw- 

BKKKY. 

United  States  National  Museum,  Pro- 
ceedingSk  toL  11. 

Serpentine  of  Montville,  New  Jer- 
sey, Mrrrill. 

Peridotite  from  Little  Deer  Island, 
Maine,  Merrill. 

Measuring  thickness  of  inclined 
strata,  Walcott. 

United  States^  Report:  The  iron 
regions  of  northern  Iiouiaiana  and 
eastern  Texas,  Johnson. 

UFHAM,  Warren,  The  upper  beaches 
and  delta 8  of  the  glacial  Lake  A^gassiz. 

U.  S.  GeoL  Sarrey,  BnlL,  vol.  6,  pp. 389-470, 
plate.    No.  39.    1887. 

Abstracto,  Science,  rol.  10,  pp.  103-104, 
1887;  Am.  Geologist,  vol.  1.  pp.  64-65.  ^  p., 
1888 ;  Popular  Science  Monthly,  toL  32,  p. 
420,  i  col.,  1888. 

Introdactory  sketch  of  the  lake,  its  beaches, 
bed,  outlet,  not  them  barrier,  and  depth,  and 
adiscuHsion  of  the  cause  and  signiflcauce  of 
the  slope  of  it»  shore  lines.  Describes  in  de- 
tail tiie  beaches  and  their  reUtious  to  the 
drifts,  drainage,  and  topo;;raphjr.  iDcideut- 
ally  remarks  on  some  features  of  the  drift  and 
on  the  geology  of  Pembina  Monutain  and  vi- 
cinity. 

Prof.  Henry  Carvill  Lewis  and  his 

work  in  glacial  geology. 

Am.  Geologist,  vol.  2,  pp.  371-379.    1868. 

References  to  results  of  his  studies  of  the 
terminal  moraine  in  eastern  United  States  and 
drifts  ot  Great  Britain.    List  of  papers. 

—  The  recession  of  the  ice  sheet  in 
Minnesota  in  its  relation  to  the  gravel 
deposits  overlying  tbn  quartz  imple- 
ments found  by  Miss  Babbitt  at  Little 
Falls,  Minnesota. 

Boston  Soc.  Nat.  Hist.,  Proc.,  vol.  23,  pp. 
436-447.    1688. 

Description  of  the  relations  of  the  contain- 
ing gravels  and  a  sketch  of  tho  bintory  of  the 
ioe-sheetreeesBion  in  the  Minnesota  region. 


UPHAM,  Warren — Con  tinned. 

The  geolof^y  of  Carver  and  Scott 

cx>nnties. 

Minn—Ota,  Geology  of.  Final  Report,  voL 
1;  pp.  102-147,  map.    1888. 

Description  of  Cambrian  and  Cretaoeons 
anas  and  the  drifts.  Artesian  well  records; 
terraoea.  Discussion  of  the  relations  and 
origin  of  some  of  the  drifts,  and  the  history 
of  some  ancient  drainage  featnrea.  Accom- 
panied by  a  colored  geologic  map. 

The  geology  of  Sibley  and  Nicollet 

counties. 

Minnesota,  Qw>logj  of.  Final  Beport,  voL 
2,  pp.  148-179,  map.    1 888. 

Descriptions  of  drifls,  terraces  and  out- 
crops of  Arohean,  Cambrian,  and  Cretaceous. 
Discussion  of  equivalency  of  some  of  the 
Cambrian  members  and  the  relation  and  ori- 
gin of  some  of  the  drifts.  Accompanied  by 
a  colored  geologic  map. 

The  geology  of  McLeod  County. 

Minnesota,  Geology  of,  Final  Report,  voL 
2,  pp.  180-189.    Map.     188& 

Description  of  the  drifts,  and  discussion  of 
the  relations  and  origin  of  some  of  their  fea- 
tures. Accompanied  by  a  colored  geologie 
map. 


—  The  geology  of  Renville  County. 

Minnesota,  Grsology  of.  Final  Beport,  vol 
2,  pp.  190-204.    Map.    1888. 

Dcscripdon  of  drifts,  Archean, Cretaceous, 
terraces,  and  interglacial  forest  bed.  Aocom* 
panied  by  a  oolored  geologic  map. 

—  The  geology  of  Swift  and  Chippewa 
counties. 

Minnesota,  Qeologj  of.  Final  Beport,  vol. 

2,  pp.  205-2 1 9.     Map .     1 688. 

Description  of  drift«,  Archean  outcrops, 
buried  moraine,  preglacial  drainage  channels, 
and  terraces.  Accompanied  by  a  colonxl 
geologic  map. 

—  The    geology    of    Kandiyohi    and 
Meeker  counties. 

Minnesota,  Geology  of,  Final  Beport,  roL 
2.  pp.  220 -242.    Map.     1888. 

Description  of  drifts,  and  sketches  of  glacial 
history.  Accompanied  by  a  colored  geologic 
map. 

—  The  geology  of  Wright  County. 

Minnesota,  Geology  of.  Final  Beport,  voL 
2,  pp.  243-26:1.    Map.     1888. 

Description  of  drifts  and  doubtful  Creta- 
ceous outcrops.  Discussions  of  the  relations 
of  some  of  the  drifts,  and  some  features  of 
glacial  history.  Accompanied  by  a  colored 
geologic  map. 

The  geology  of  Chisago,  Isanti,  and 


Anoka  counties. 
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Minnesota,  Greology  of,  Final  Report,  rol. 
2,pp.399^?5.    Map.     1888. 

DtMcriptiou  of  driflto,  terracoA,  and  of  oat- 
crops  of  traps,  St  Croix  sandHtono,  lower 
niA^oMian  limestone,  an<l  Trenton  liiuest4)ne. 
Discussion  of  the  relations  and  origin  of  some 
of  fhe  drifts.  Accompanied  by  a,  colored 
geologic  map. 

The  geology  of  Benton  and  Sher- 
burne counties. 

Minnesota,  Geology  of,  Final  Report,  voL 
a,  pp.  426-444.    Map.     1888. 

Desacription  of  Arcbean  areas,  trap  dikes, 
and  drifts.  Discusses  relations  of  some  of 
tbe  drifts.  Accompanied  by  a  colored  geo- 
logic map. 

Tho  geology  of  Stearns  Comity. 

Minnesota,  G^eology  of,  Final  Report,  rol. 
2,  pp.  445-470.     Map.    1888. 

Description  of  drifts.  Arcbean  and  Creta- 
ceous, and  sketch  of  glacial  history.  Accom- 
panied by  a  colored  geologic  map. 

The  geology  of  Douglas  and  Pope 

couiitieH. 

Minnesota,  Geology  of.  Final  Report,  voL 
2,  pp.  471-498.     Map.     18S8. 

DoscriptioQ  of  drifts.  References  to  glncial 
history  indicated  by  some  of  ll>e  features,  re- 
latitins  of  the  drifts,  and  preglacial  topo- 
graphic features;  presence  uf  Cretaceous. 
Accompanied  by  a  colored  geologic  map. 

The  geology  of  Grant  and  Stevens 

counties. 

Minnesota,  Geology  of.  Final  Report,  vol. 
2,  pp.  499-510.     Map.     1888. 

Description  of  driliH  and  beaches  of  glacial 
Lake  A'ja^isiz.  Accompanied  by  a  colored 
geolo;ric  in.ap. 

The  geology  of  Wilkins  and  Traverse 

count]  en. 

Minnesota,  Geology  of,  Final  Report,  vol. 
2,  pp.  611-533.    Map.    1888. 

Description  of  shore  phenomena,  and  sketch 
of  history  uf  glacial  Lake  AgaMsis.  Reference 
to  underlying  Cretaceous  found  iu  well  at 
Fargo.  Accompanied  by  a  colored  geohigic 
map. 

The  geology  of  Ottertail  Connty. 

Minnesota,  Geology  of,  Final  Report,  vol. 
2.  pp.  534-561.    Map.     1888. 

Description  of  drifis  ana  benches  of  Lake 
Agassiz.  Discussion  of  nature  of  underlying 
rocks,  and  the  origins  of  some  of  tho  drift 
deposits.  Accompanied  by  a  colored  geologic 
map. 

The  geology  of  Wadena  and  Todd 

connties. 

Minnesota,  Geology  of,  Final  Report,  vol. 
2,  pp.  562-579.    Map.    1888. 


UPHAM,  Warren — Con  tinned. 

Description  of  drifts.  Arohean,  and  dioritew 
Discussion  of  the  nature  and  soqneuce  ol 
some  of  the  glacial  phenomena.  Accompa- 
nied by  a  colored  geologic  map. 

The  geology  of  Crow  Wing  and  Mor- 
rison connties. 

Minnesota,  Geology  of,  Final  Report,  voL 
2,pp.680-61L    Map.    1888. 

Description  of  drifts,  Arohean,  staurolitio 
and  mica  schists,  and  Cretaceous.  Discusses 
origin  of  aome  of  the  drift  materials.  Some 
copies  accompanied  by  *  colored  goologio 
map. 

The  geology  of  Mille  Lacs  and  Kan- 


abec counties. 

Minnesota,  Geology  of,  Final  Report,  voL 
2,  pp.  012-628.    Map.    1888. 

Description  of  drifts,  and  Arcbean  and 
Potsdam  outcrops.  Accompanied  by  a  colored 
geologic  map. 

The  geology  of  Pine  County. 

Minnesota,  Geology  of.  Final  Report,  voL 
2,  pp.  629-645.    Map.    1888. 

Description  of  I  drifts,  Arcbean,  Kewee- 
naw an,  and  Cambrian  outcrops,  and  ancient 
outlet  of  Lake  Superior.  Accompanied  by  a 
colored  geologic  map. 

The  geology  of  Becker  County. 

Minnesota,  Geology  of.  Final  Report,  vol. 
2,  pp.  646-655.    Map.    1888. 

Description  of  drifts,  and  dlsonsaion  of  ex- 
tent and  relation  of  underlying  rocks.  Ao* 
companied  by  colored  geologic  map. 

The  geology  of  Clay  Connty. 

Minnesota.  Geology  of,  Final  Report,  vol. 
2,  pp.  656-671.    Map.    1888. 

Description  of  drifts  and  shore  phenomena 
of  glacial  Lake  Agassis.  References  to  pre- 
glacial topoiiraphy,  and  well  at  Fargo  into 
supposed  Cretaceous  strata.  Accompanied 
by  a  colored  geologic  map. 

Glaciation  of  mountains  in  New  Eng- 
land and  New  York. 

Am.  Geologist,  vol.  4,  pp.  165-174,  20S-216. 
1889. 

Appalachia,  vol.  5.  pp.  291-312.    1889. 

Discus.nes  the  extent,  thickness,  direction 
of  movement  and  action  on  elevated  regions 
of  the  great  ice  caps  of  the  glacial  period. 

— —  Ascents  of  Camel's  Hump  and  Lin- 
coln Mountain,  Vermont. 

Appalachia,  vol.  5,  pp.  319-326.     1889. 

Includes  some  brief  references  to  tho  char- 
acteriHticN  of  the  rocks,  evidences  of  glacia- 
tion, and  glacial  drifts. 

Marine  shells  and  fr.igmenrs  of  shells 

in  the  till  near  Bo^toa^ 
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Boston  Soc.  Vat  Hist. ,  Proc.^  toL  24.  pp. 
127-141.    1A$9. 

Am.  Jour.  ScL.  toL  37,  pp.  359-372.    1888. 

Ab^trart<*,  Ifatars,  voL  40.  p.  68,  11  lines, 
1889 :  Am.  Goologist,  toL  3.  p.  399.  ^  p.  1889. 

Suinnisry  scconot  of  the  variona  l«>calitie8; 
descriptioo  of  flepo^^itu  in  which  the  shells 
occur.  dtscntsioD  of  their  transportation,  and 
their  b<>«nnK  on  the  recency  of  the  glacial 
period,  late  pre{i:1acial  climatic  conditions  and 
height  of  sea  ler^  and  a  general  review  of 
the  evidence  bearing  on  tho  canae,  nature,  and 
amonnts  of  post-glacial  sabmergenoo  in  east- 
ern North  America. 

—  [Age  and  origin  of  the  pot-holee  at 

CoIiasHt^t.] 

Boston  Soc.  Vat  Hist.,  Proe.,  toL  2i»  pp. 
22^228.    1889. 

Inclades  reference  to  some  other  pot-holes 
of  supposed  glacial  origin.  ^ 

—  The  stractnre  of  dranilins. 

Boston  Soc.  Hat.  Hist,  Proo.,  voL  24,  pp. 

228-242.    1889. 
Abstract,  Am.  Grcologist,  toL  5,  p.  81,  i  pu 
Detailed  description  of  several  drumlins  in 

eastern  Massachusetts,  and  discussion  of  their 

relations  and  history. 

—  The  glacial  moraines  of  Minnesota. 

Minnesota  Acad.  Sci.,  Bnll.,  vol  3,  part  1, 
p.l2,ip.    1889. 

Short  notice  of  paper.  Classified  list  of 
moraines,  and  statement  in  regard  to  their 
lateral  nature. 

—  Changes  in  the  currents  of  the  ice  of 
the  last  ghtcial  epoch  in  eastern  Min- 
nesota. 

Minnesota  Acad.  Sol ,  Bnll.,  voL  3,  part  1, 
pp.  51-^    1889. 
Disoossion  of  the  history  and  resolts  of  the 


UPHAM,  Warren — Con  tinned. 

glacial  flowa.  and  of  ey^enee  of  the  ezistenes 
of  certain  glacial  rivers  in  the  region. 

Description  of  mapn    showing  the 

climate,    geography ,    and    geology  of 
Minnesota. 

Minnesota  Acad.  ScL,  BnlL,  ToL3,part  1. 
ppil5I-lS5w     1889. 

Includes  a  general  account  of  the  eharae- 
teristios  and  distzibnlion  of  formations  ia 
Minnesota. 

[Beaches  of  Lake   Agassiz.]     See 

CHAMBERIaIN,  Division  of  glacial 
geology. 

Utah,  Camhrian,  Matthew.    Walcott. 

coal,  ASHBITRNKR. 

fossils  from  San  Pete  region.  White, 

C.  A. 

gilsonice,  Uinta  County,  Rvtmond. 

gold  and  silver  mining,  Hollxstek. 

Henry  Mountain  luccolites,  Cross. 

Emmons,  S.  F. 
iron  ore  of  southern  Utah,  Blake. 

Laramie,  Ward.     White,  C.A- 

marbles,  NkWberkt. 

mountain     up  thrusts,     Uinta,    etc, 

White,  C.  A. 
obsidian,  Idding8. 
old  Telegraph  mine,  Lavaonino. 
Permian  of  Texas,  Hill,  R.  T. 
relations  of  Laramie,  White,  C.  A. 
stratigraphlc  position  of  Olenollus, 

Walcott. 
structural  relations  of  ore  deposits, 

Emmons,  S.  F. 
sulphur  deposits,  Faur. 
upper  Eocene  formation,  Scott. 


V. 


VAIT  DIEST,  P.  H.      Notes  on  some 
Boulder  County  veins. 

Colorado  Soi.  Soc.,  Proo.,  vol. 2,  part  2,  pp. 
90-55.  plate.    1887. 

DescnboB  the  gneldses,  granites,  felsite 
dikes,  and  their  oontiiinod  minerals.  On  ao- 
companyin;;  map  indicates  boundary  of  meta- 
morphic  and  sedimeutary  rocks. 

— ^  Address  of  the  retiring  president. 

Colorado  Sol.  Soc,  Proc,  voL  S^  pp.  278-285. 
1888. 

Kofers  to  geolofric  features  of  Cariboa 
Mountains,  and  at  the  WiUou  uiiuo,  Idalto,  in 
coQuection  with  tliu  occurrence  of  gold  at 
these  localities. 

—  Colorado  volcanic  craters. 

Colorado  Soi*  5qo..  Ftoc.,  voV^,vV''^^'^- 
IS89. 


\ 


VAN  DIEST,  P.  H.— Continued. 

Describes  some  features  of  craters  and  lara 
flows  in  ^io  Grande  County,  and  refers  to  ro- 
ports  of  craters  at  other  points  in  Colorado. 

VAN  HISE,  C.  R.  Notes  on  the  en- 
largement of  horuhleudes  and  angites 
in  fragmental  and  eruptire  rocks. 

Am.  Jour.  Sci.,  3d  series,  toL  33,  pp.  38S-388L 
1887. 

Abstract,  Am.  Naturalist,  voL  22,  pu  168,  \  p. 
1888. 

Calls  attention  to  Bec'1ce*s  dlsoovery  of  the 
fact  in  1883,  and  Uescnbes  some  Penokee- 
Gogebic  altered  diabases  exhibiting  seoond- 
ary  bornblendio  enlarisementa  on  aogits 
grains. 

—  TV\^\tw\  ores  of  the  Penokee-Grogehic 
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VAN  HISE,  C.  R.— CoutiDued. 

Am.  Jour.  Sei.,  3d  serlea,  voL  37,  pp.  32-^. 
pi.  2.    1889. 

Abfttracto,  Nature,  vol.  39,  p.  310,  8  linea, 
1889 ;  Am.  Geologist,  vol.  3,  pp.  197-198, 1889. 

Brief  acconnt  of  f^eology  of  Penokee-Goge- 
bic  region,  description  of  relations  of  ore  de- 
posica  and  associated  intrasivo  rocks,  and 
disoosiiion  of  the  genesis  of  the  ores. 

—  Tho  chemical  origiu  of  the  Vermil- 
ion Lake  iron  ores. 

Am.  Gkologist,  vol.  4,  pp.  382-383.    1889. 

Seview  of  N.  H.  and  H.  V.  Wiochell  "On  a 
possible  chemical  origin  of  the  icon  ores  of 
the  Keewatin  in  Minnesota."  Inoidentimy 
discusses  the  history  of  tlie  discurery  of  un- 
conformity at  the  base  of  the  Keewatin  series, 
and  the  correlation  of  some  of  the  formations 
which  are  included  in  the  Keewatin  series. 

VAN  NESS,  W.  W.  J.    Tin  in  North 
Carolina. 

Eng.  and  Mining  Jour.,  toL 44, p.  844, i  p. 
1887. 

Ckneral  description  of  geology  of  King's 
Mountain  region. 

VaBsar  Brothers'  Institute,  Tranaao- 
tiona^  Tol.  4. 
Cutting  at  Croton  Point,  New  York, 

Warring. 
Evolution  of  continents,  Warring. 
Plication  in  continental    elevation, 

DWtGHT. 

Primordial  of  Wappinger  Valley  lime- 
stone region,  Dwight. 

Vermont,  great  primordial  quartzite, 
WiNCHELL,  N.  H. 

Camel's  Hump  and  Monnt  Lincoln, 
Upham. 

conglomerates  in  gneisses,  Hitch- 
cock. 

date  of  Report  on  Qeology  of  Ver- 
mont, Hitchcock. 

fossils  in  lower  Taoonic  of  Emmons, 
Walcott. 

glaciation  of  monntaine,  Upham. 

principles  of  adversaries  of  the  Ta- 
oonic, Marco  u. 

Taconic  of  Georgia,  and  Report  on 
Geology  of  Vermont,  Marco u. 

Tacouic  question  restated,  Hunt. 

Taconic  system  of  Emmons,  Miller, 
Walcott. 

new  locality  of  camptonite,  Nason. 

Virginia,    age  of    Potomac    formation, 
Ward. 
antecedents  of  man  in  the  Potomac 
YdUey,  McGkjb, 


Virginia— Continued, 
coal,  Ashburner. 
coal-field  of  southwestern  Virginia, 

KiLLBBREW. 

Colnmbia  formation,  McGbb. 
faults  of  southwestern  Virginia,  Stb- 

VENSON. 

flora  of  older  Mesozoic,  Stub. 

gi^  and  coal,  Chesterfield  Connty, 
Russell,  I.  C. 

Glen  more  iron  estate,  Greenbrier 
County,  Page. 

iron  ore,  Rockbridge  County. 

lower  Carboniferous,  Stevenson. 

Low  Moor  iron  ore,  Lyman. 

mineral  resources  of  southwestern 
Virginia,  Proctor. 

Natural  Bridge,  Balcony  Falls,  Lnray, 
Great  Valley,  Britton. 

natural  coke  from  Midlothian,  analy* 
sis,  RiGGS. 

New  River-Cripple  Creek  region, 
d'Invilliers  and  McCrbath. 

Oriskany  bowMer  near  Washington, 
District  of  Columbia,  Curticb. 

reconnaissance  in  southwestern  Vir- 
ginia, Stevenson. 

Richmond  coal  -  field,  Clifford. 
Nrwkll 

surface  geology  of  southwestern  Vir- 
ginia, Stevenson. 

sanropoda  from  the  Potomac  forma- 
tion, Marsh. 

terraces,  McGee.  Stbvbnson. 
White,  L  C. 

three  formations  of  the  middle  At- 
lantic coast,  McGeb. 

Trenton  limestone  from  Lexington; 
analysis,  RiGGS. 

upper  Cumberland  valley,  McCrbath 
and  d'Invilliers. 

[yonnger  Mesozoic  from  Richmond 
southward].  Ward. 

VOGDES,  Anthony  W.    Some  forgotten 
Taoonic  literature. 

Am.  aeologist,  voL  2.  pp.  352-856.    1888. 

Descriptive  notes  and  abstracts  of  papers 
by  Dewey  in  1819  and  1824,  and  Bmmons,  1842 
and  1846. 

The  genera  and   species  of  North 

American  Carboniferons  trilobites. 

New  York  Acad.  Sei.,  Annals,  voL  4,  pp.  69- 
105,  pis.  II,  III.    1888. 

Inclades  a  izcneral  sketch  of  the  distribation 
of  the  Carbon iferoai  mewk^ors  la  tbe  Ua^ted 
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WADSlXrORTH;  M.  E.  PreliminAry 
deacnptioD  of  the  peridotytes,  gftbbroe, 
diabases,  aud  aodesytes  of  Mioneaote. 

G«ol.  and  Mai.  Hist.  Smrej  of  SffianMota, 
BiaU.  No.  X  PP^  ^1S«^  12  plates.  9>.  Si.  Paul, 
1887. 

Abotiact,  Am.  Nataralirt,  toL  ti,  pp.4Sl- 
453,1  p.    1888. 

DMcrfption  and  diaenaaloii  of  the  micn^ 
petrojcniphy  of  a  larxe  coUeetion  tai  greator 
part  from  the  northeaatan  part  of  the  Statiw 
Colored  pUtea  of  micro  rock  sections. 

Alao  indadea  a  diseosaion  of  classifioatlos, 
history,  and  relations  of  baaio  orystalline 
rocha. 

—  The  Keweenawan  system. 

Science,  toL  10,  p.  166,  |  p.    1887. 

Deecribca  a  localit v  on  tbe  Hungarian  BiTsr^ 
a  gmdnation  of  the  eaAtem  sandstone  into  the 
Keweeoaw  rocks  is  exhibited  witboat  inters 
rening  fault.  Diacnsses  the  oopper-bearing 
rocks  and  relatire  position  of  tbe  sandstones. 

[On    Bobdivisions,    nnconfonniti''S, 

characteristics,  origin  of  some  members, 
nomenclature,  and  life  of  the  Archean, 
and  origin  of  serpentine.] 

International  Oongresa  of  Oeologista,  Am. 
Oommlttee  Reports,  1888,  A,  pp.  6^70. 

Wagner  Free  Institute,  Transactions^ 
▼oL  1. 

Exploration 8  on  west  coast  of  Florida. 

etc.,  llElLTltlN. 

WAIiCOTT,  Charles  D.  Report  •  •  • 
Division  of  Paleozoic  Invertebrates. 

U.  8.  Geol.  Sorrey,  Sixth  Annnal  Report, 
1884-'85,  pp.  74-78.    1885. 

Notice  of  Paleozoic  rocks  of  central  Texas 
and  Devonian  fossils  fh>m  northern  Montana. 

The  Taconic  system. 

Am.  Jonr.  Sci.,  8d  series,  toL  83,pp.l5a- 
IM.     1887. 

Annonnces  results  of  recent  field  work  In 
Taconic  re«i;ion  which  indicates:  1.  That  the 
(Craoiiiar  qaarts  ia  tbe  sbore  deposit  of  the 
sbides,  sandstones,  and  limestones  of  the  **  up- 
per Taconic  and  is  Middle  Cambrian  in  age," 
and  2.  That  the  Potsdam  is  represented  by  tbe 
base  of  tbe  limestone  on  tbe  eastern  side  and 
by  bydromica  sbalts  on  tbe  west  side  of  tbe 
ran^e ;  the  limestones  and  overlying  slates  of 
the  Taconic  range  representing  tbe  calcifer* 
ens  and  Hadson  River  groups,  as  shown  by 
Dana. 

Fauna  of  the  "upper  Taconi<,"  of 

Emmons,  in  Washington  County.  New 
Fork. 


^TAIiCOTT,  Charles  D. — Continaed. 

Am.  Jonr.  Sd.,  Id  series,  voL  Si,  pp.  187- 
198,  plate  1.    1887. 

Statement  of  stratigrsphie  position  and  ao- 
eonnt  of  mode  of  ueeocTence. 

^^  Section  of  lower  8ilarian  (Ordovi- 
cian)  and  Cambrian  strata  in  central 
New  York,  as  shown  by  a  deep  well 
near  Utica.    [Abstract.] 

Am,  Aaaoc  Adv.  Sdance,  Ptoe.,  voL36, pp. 
ai>212,|p.    188&  - 

Description  of  drill-bole  2,258  feet  in  depth. 

Discovery  of  fossils  in  the  lower  Ta- 

eonio  of  Em mons.    [  Abstract.  ] 

Am.  Asaoo.  Adv.  Science,  Proc.,  voL  38^  pp. 
212-218.    1888. 

Desorlbes  occorrenees  of  middle  Cambriaa 
species  in  the  qnartsites  and  Trontoo-Chsiy 
species  in  the  limestones  of  southwesteni 
Vermont,  and  calls  attention  to  their  bearing 
on  the  question  of  the  age  of  the  Taconic 
aystem. 

The  Taconic  system  of  Emmons,  and 

the  use  of  the  name  Taconic  in  geologic 
nomenclatore. 

Am.  Jour.  Sci. ,  3d  series,  voL  35,  pp.  228-342, 
pL  ni,  pp.  b07>327, 384-^1.     18d8. 

Abetract,  Nature,  toL  37,  p.  600, 14  linea ;  p. 
823, 11  lines.    1888.  ' 

Beriew-by  Jules  Maroou,  Am.  Geologist, 
vol.  %  pp.  10-23, 07-88.    1888. 

Review  of  Emmons  and  others,  descriptlea 
and  discussion  of  relations  in  the  Taconic  re> 
idon,  announcement  of  discovery  of  fossils 
and  structural  features  tbrowinK  new  light  on 
the  relative  position,  equivalenoy,  and  rela* 
tions  of  the  various  members  of  the  Taconic 
system,  discussion  of  nomenclature  and  classi- 
flcation  of  the  Cambrian  formationa.  Ae> 
oompanied  by  a  oolored  geologie  map. 

Cambrian  fossils  from  Mount  Ste- 
phen, Northwest  Territory  of  Canada. 

Am.  Jour.  Sci.,  3d  series,  voL  36,  pp.  161-18^ 
September  number.    1888. 

Bead  to  Biologioal  Society  of  Waahingtoa, 
1888. 

i^view  of  some  of  the  species  described  by 
Bominger,  and  discussion  of  the  paleontologie 
evidence  on  the  stratigraphic  position  of  ths 
Cambrian  of  Mount  Stephen. 

—  [On  the  nomenclature  and  origin  of 

the  Archean  and  the  use  of  the  term 

Taconic] 

International  Oongresa  of  Oeologista,  Am. 
Committee  RejKyrts,  1888,  A,  pp.  57-5& 

Synopsis  of  conclusions  on  the  ^'Tsr 

\     QonlQ  system  "  of  Emmons. 
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WALCOTT,  CliarU'8  D.—Continned. 

International  Oongress  of  Gi-eologista,  Am. 
Oomxnittee  Reports,  1888,  B,  pp.  25-29. 

Am.  Geologist,  vol.  2,  pp.  2 15-219.     1888. 

ExtrucUs  Ironi  paper  in  American  Jonriial 
of  Science,  1888,  with  additional  notes. 

Report — Paleozoic  division  of  inver- 
tebrate paleontology. 

n.  S.  Q-eol.  Snnrey,  Seventh  Report,  J.  W. 
Powell,  1885-'86,  pp.  113-117.     1888. 

Reference  to  tbe  formations  constitoting  the 
Paleozio  in  central  Nevada,  especially  to  the 
discovery  of  Devonian  and  lower  Carbonifer- 
ons;  the  thickness  and  horizon  of  the  "Wah* 
Batch  Cambrian ;  to  studies  by  H.  S.  Williams 
on  the  stratigraphy  and  faanal  relations  of  the 
Devonian  of  southern  New  York ;  and  col- 
lection of  (Cambrian  fossils  in  the  southern 
Appalachian  by  Cooper  Curtice. 

— —  Stratigraphic  position  of  the  Ole- 
nellns  fauns  of  North  America  and 
Europe. 

Am.  Jonr.  Sci.,  3d  series,  vol.  87,  pp.  374-392, 
▼ol.  38,  pp.  29-42.     1889. 

Abstracts,  Nature,  vol.  40,  pp.  68, 310-311,  24 
lines,  1889.  New  York  Acad.  Sci.,  Traixui., 
ToL  8,  p.  176,  i  p.     1889. 

Review  and  discussion  of  paleontologic  and 
stratijcraphic  relation:)  of  the  lower  Cambrian 
'  to  I  he  middle  Cambrian,  and  of  the  strati- 
graphic  position,  geographic  distribution,  zo- 
ology and  stratiiiraphio  characteristics  of  the 
Olenellns  zone  in  America  and  Europe.  In- 
cludes a  description  of  the  Cambrian  of  New- 
foundland based  on  recent  examinations,  and 
a  general  review  and  tabulation  o<  Cambrian 
taxonomy. 

A  simple  method  of  measuring  the 

thickness  of  inclined  strata. 

U.  S.  National  Museum,  Proc,  ToLll,pp. 
447-448.    1889. 

"WALKER,  J.  B.  Notes  on  the  geology 
of  Burnet  County. 

Oeol.  and  Sci.,  Bull.,  voL  1,  February, 
1889.    40. 

Statements  in  regard  to  characteristics, 
relations,  and  distribution  of  the  Cretaceous 
and  Carboniferous. 

WARD,  Lester  F.  Synopsis  of  the  flora 
of  the  Laramie  group. 

XT.  S.  Geol.  Survey,  Sixth  Report,  J.  W. 
PoweU,  1884-'85,  pp.  399-567,  pis.  ni-LXV. 
1885. 

Abstracts,  Am.  Naturalist,  vol.  21,  pp.  lOll- 
1012;  Am.  aeologist,  vol.  2,  pp.  56-58,  1888. 

Review,  Science,  voL  10,  pp.  150-151.    1887. 

EeviewB  the  opinions  which  have  been  held 
in  regard  to  tbe  age  and  position  of  the  Lara- 
mie and  equivalent  formations  De.<)oribes 
the  nature,  extent,  and  vegetation  of  the 
group  and  discusses  its  age,  history,  distiiba- 

BULL.  76 -H 


WARD,  Lester  F. — Continued. 

tion,  and  floral  relations,  the  equivalency  of 
groups  near  its  horizon,  and  the  stratigraphic 
and  geographic  range  of  the  flura  of  the  Lara- 
mie, Senouian,  and  Eocene.  Gives  a  brief 
account  of  observation  on  the  lower  Tertiary 
or  upper  Cretaceous  at  several  points  in  Col- 
orado and  Wyoming,  and  along  the  Missonri 
Arom  Fort  Benton  to  Bismarck. 

Evidence  of  the  fossil  plants  as  to  the 

age  of  the  Potomac  formation. 

Am.  Jonr.  Sci.,  8d  series,  voL  36, pp.  119-131. 
1888. 
Abstract,  Nature,  voL  38,  p.  462, 9  lines.  1888. 
Bead  to  National  Academy  of  Sciences,  188& 

Report — Division  of  paleobotany. 

U.  S.  Geol.  Surrey,  Seventh  Report,  J.  W. 
PoweU,  1885-'86,  pp.  123-128.    1888. 

Includes  a  brief  reference  to  the  occurrence 
of  ontcrops  of  younger  Meso/oic  from  Rich- 
mond southward,  and  at  Weldon,  North  Car- 
olina. 

WARDROPER,  D.  Lee.    The  forma- 
tion of  coal  beds. 

Eng.  and  Mining  Jonr. ,  vol.  45,  p.  473, )  coL, 
40.    1888. 

Describes  occurrence  of  small  lenticulai 
coal  masses  in  sandstone  over  coal  beds  in 
northwestern  Georgia. 

WARRING,  Charles  B.    The  cutting  at 
Croton  Point,  New  York. 

Vassar  Brothers'  Inst.,  Trans.,  vol.  4,  pp. 
274-278.    1887. 

Describes  and  figures  beds  of  sand  and 
cobbles  unconformably  overlain  by  two  layers 
of  very  fine  material  conformable  to  the  sur- 
face of  the  ground,  on  Hudson  River  Just 
north  of  the  month  of  the  Croton  River. 

The  evolution  of  continents. 

Vassar  Brothers'  Inst.,  Trans.,  voL  4,  pp. 
266-271,273-274.    1887. 

General  discussion  of  the  relations  of  con- 
tinental masses;  the  theories  of  continental 
formation  and  the  solidification  of  the  earth's 
omst.  Advances  the  hypothesis  that  the  con- 
tinents originally  const itate<l  a  great  triangu- 
lar clot  of  solidified  matter  floating  on  a  mol- 
ten surface,  and  by  breaking  apart  near  the 
central  line  at  the  present  Atlantic  Ocean, 
separated  into  continents  which  were  thence 
solidified  into  their  present  positions. 

Washburn  College  Laboratory,  Bull- 
etin,  vol.  2. 

Paleontology  of  the  Plains,  Cragin. 
Region  south  of  great  bend  of  the 
Arkansas,  Cragin. 

Waahlngton,  analysis  of  soil,  Schnsi- 

DER. 
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Waahington — Couti  d  iied. 

changes  in  river  courses  dne  to  glaci- 
ation,  Willis. 

coal,  Abhburnbr. 

glaciation  of  Pacific  coast,  Wright. 

iu  vertebrate  fossils  from  Pacific 
coast,  White,  C.  A. 

Monnt  Ranier  and  the  glacierSi  Wil- 
lis. 

Puget  group,  Whits,  C.  A. 

transcontinental  railways,  Lang. 

stmctare  of  northern  Washington, 
Willis. 

Waahington,    Philoaophical   Society, 
Bulletiii,  voL  9. 

Faults  of  Great  Basin,  etc.,  Russell. 
Geologic  history  of  Sierra  Nevada, 

Gilbert. 
Geology  of  northern  California,  DiL- 

LER. 

Sierra  structure  not  extended  into 
Washington,  Willis. 

voL  10. 

Mount  Ranier  and  its  glaciers,  Wil- 
lis. 

VOL  11. 


Problems  of  physical  geology,  But- 
ton. 

Crystallization  of  igneous  rocks, 
Iddings. 

WASMUTU,  Henry  A.  Studies  on  the 
stratification  of  the  anthracite  meas- 
ures of  Pennsylvania. 

FranUin  Inst.  Jour.,  voL  124,  pp.  109-126, 
4  plates.    1887. 
Abstract,  Am.  Naturalist,  vol.  24,  p.  768,  i  p. 

1890. 

Discnsses  relations  of  flexnios  to  faults  and 
the  ocourreooe  and  oanses  of  offsets  in  some 
of  the  collieries  of  the  anthracite  ref^on. 

Notes  on  the  Pittsburg  coal  bed  and 

and  its  disturbances. 

Am.  Greologist,  vol.  1,  pp.  272-277.    1888. 

DescriptioD  and  dincasaion  of  flexures  and 
faults  at  Biddle,  Westmoreland  County,  Penn- 
sylvania. 

Notes  on   the  structural  geology  of 

the  Carboniferous  formation  of  Penn- 
sylvania. 

Axo.  aeologist,  vol.  2,  pp.  311-323.    1888. 

DiscuH-sivn  of  tbo  Htructural  relations  of  the 
coal  liodd  in  the  Tittsbarg  and  in  the  anthra- 
cite rej;ions. 

-—  The  southern  anthracite  coal  field  of 
FenasylytkJxiak — its     enormoua    dUtar- 


WASBfflTTH,  Henry  A. — Contnined. 
bances  and  consequent  prematare  ex- 
haustion. 

FranUin  Inst.  Joor.,  tqL  12S,  pp.  110-114. 
1888. 

Beferenoe  to  faults  and  steep  folds  Indicat- 
in^  the  existence  of  mnoh  greater  distorbanoe 
than  is  shown  on  the  geological  survey  maps. 

WEBER,  Adolph  H.    Natural  gas. 

OaUfomia,  Serenth  Report  of  State  Miner, 
alogisi,  pp.  181-191.    1888. 

Section  in  superficial  deposits  at  Bureka; 
notice  of  occurrences  of  lignite  at  ▼ariona 
points  in  Humboldt,  Trintj,  Tehama^  Men- 
docino, Sonoma,  Colusa*  and  Shasta  counties. 

Petroleum  and  asphaltnm  in  north- 
ern California. 

California,  SeTsnth  Report  of  Stats  lOasr- 
alogist,  pp.  19S-202.    188& 

Gives  sections  on  coast  south  of  Bear  Biver 
and  at  Point  Arena  showing  relations  of  bitu- 
minous beds. 

WEBSTER,  Clement  L.    On  the  glacial 
flow  in  Iowa. 

Am.  NatnraUst,  vol.  21,  pp.  75S-781.    1887. 

Discusses  the  evidence  of  three  ice  flows. 
Describes  strue,  the  drift,  and  the  inner  and 
outer  moraines  of  the  last  two  glacial  advan- 
ces. 

Notes    on  the  geology  of  Johnson 

County,  Iowa. 

Am.  Naturalist,  vol.  22,  pp.  408^19,  pL  5. 
1888. 

Description  of  pot'-holee  and  old  river  chan- 
nel in  Devonian  limestone  at  its  overlap 
by  the  Carboniferous;  peat  beds  xmder  the 
drift  at  various  points  in  Iowa;  terraces 
idong  Iowa  Biver ;  Ioms  and  drift.  Brief  dis- 
cussion of  ago,  origin,  snd  conditions  of  depo- 
sition of  the  loess. 

Notes  on  the  Rockford  shales. 

Am.  Naturalist,  vol.  22,  pp.  444-446.    1888. 

Keferenco  to  lithologic  and  paleontologic 
variations  at  different  localities,  and  deocrip 
tion  of  fossils  from  Owens's  Grove.  Ceno 
Gordo  County. 

On  the  glacial  drift  and  loess  of  a 

portion  of  the  northern-central  basin  of 

Iowa. 

Am.  Naturalist,  voL  22,  pp.  972-979.    188& 
Drifts,  loess,  vegetal  beds   between  drift 
sheets,  distribiition  of  erratics,  terraces,  rela- 
tion of  drainage  to  strncture. 

Description  of  now  species  of  fossiU 


from  the  Rockford  shales  of  Iowa. 

Am.  NaturaUst,  vol.  22,  pp.  1013-1018.    188& 

Reference  to  the  groat  variety  of  conditions 

of  depoiition  indicated  in  the  Dovoniaa  <tf 
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"WEBSTER,  Cloraent  L.— Continned. 
Iowa,  and  the  eflPt^cta  upon  the  fauoal  rela- 

tiODB. 

A  general  preliminary  description  of 

the  Devonian  rocks  of  Iowa,  which 
coustitute  a  typical  section  of  the  De- 
vonian formation  of  the  interior  conti- 
nental area  of  North  America. 

Am.  Natimliat,  vol.  23,  pp.  22»-a43.    1 889. 

DcBcHption  of  tbe  cliaracteriatioa,  distribu- 
tion, and  relatlonn,  and  diAcastiion  of  equir- 
■lency,  strati  (in^phle  rnn^e,  and  paleontologio 
relations  of  the  several  naeinbers. 

A  description  of  the  Rockford  shales 

of  Iowa. 

Davenport,  Acad.  Scl.,  Proo.,  vol.  5,  part  1, 
pp.  100-109.    1889. 

Description  of  strati ji^raphy,  and  lists  of 
fossils. 

WHED,  Walter  Harvey.  On  the  forma- 
tion of  siliceous  sinter  hy  the  vegeta- 
tion of  thermal  springs. 

Am.  Jour.  Set.,  8d  series,  roL  37,  pp.  351- 
859.     1889. 

Dc8rribes  the  formation  of  siliceous  depos* 
its  by  algfe  and  mosses  in  the  gnyser  waters 
in  the  Yellowstone  Park ;  disousses  their  rate 
of  f!To^th ;  elves  analyses  of  Yellowstone 
Park  and  New  Zealand  sinters,  and  discussos 
the  nature  of  the  Intter.  Preceded  by  a  gen- 
eral discussion  uf  the  deposition  of  sllioa  by 
geyser  waters. 

WBNDT,  Arthur  F.  The  copper  ores  of 
the  southwest. 

Am.  Inst.  Mining  Engineers,  Trana.,  vol. 
15.  pp.  25-77,  plate.     1887. 

Abstract,  Eng.  and  Mining  Jonr. ,  voL  43, 
pp,  94-96,  112-114,  133-134,  150-152,  183-185. 
1887. 

Describes  the  occurrence  of  ores  in  Carbon- 
iferous limestones,  and  associated  crnptives 
at  Santa  *KitA,  New  Mexico,  Clifton,  Binbee, 
and  Black  Range  districts,  Arizona,  and  in  re- 
cent formations  at  Mol^e,  Lower  California. 
Includes  notes  on  micrfipetrogrnphy,  by  A. 
A.  Jnlien. 

West  Virginia,  coal,  As ii burner. 

coal  from  Jefierdou  County;  anaiysis, 
Whitfield,  J.  E. 

WHITE,  Charles  A.    Report 

Division  of  MeBozoic  Invertehratee. 

n.  S.  Gaol.  Surrey,  6th  Annual  Report, 
J.  W.  Powell,  1884- '85,  pp. 7^74.     IWi.'i. 

Announces  liiK  conclusions  in  rej^ard  to  the 
position  of  the  Cbico  and  T6jon  groups,  and 
the  aunferons  slate  series  of  California 
Calls  attention  to  the  occurrence  of  a  Creta- 
oeous  formation  in  Mendocino  County,  Cali- 
fornia, to  which  the  provisional  name  of 
Wallala  group  is  given. 


Charles  A. — Continued. 

—  On  the  age  of  the  coal  found  in  the 
region  traversed  by  the  Rio  Grande. 

Am.  Jonr.  Sci.,  3d  series,  toI.  83,  pp.  18-20. 
1887. 

Kofen  it  either  to  the  Lsramie  or  Fox  Hills 
formation,  or  to  both,  and  describes  the  ex- 
tension of  these  formations  aouthward  into 
Hexica 

—  On  the  inter-relation  of  contempora- 
neous fossil  faunas  and  floras. 

Am.  Jonr.  Sci. ,  8d  series,  vol.  33,  pp.  3G4-374. 
1887. 

Discusses  the  faunal  and  floral  relations 
and  contemporaneity  of  deposition  of  the 
Laramie,  and  the  equivalents  of  the  Bridger, 
and  thestratigraphlc  position  of  these  groups. 

—  On  the  relation  of  the  Laramie  mol- 
Inscan  fauna  to  that  of  the  succeeding 
fresh- water  Eocene  and  other  groups. 

U.  S.  Geol.  Survey,  Bull.,  vol.  6,  pp.  391-442, 
5  platea.    Vo,  34.    1887. 

Abstracts,  Sjoience,  vol.  10,  pp.  126-137. 
1888;  Popular  Science  Monthly,  vol.  33,  p.  420, 
I  col.    1888. 

Describes  Wasatch  fossils  from  Snn  Pete 
Valley  and  adjacent  portions  of  Wasaich 
Mountains,  and  discusses  the  faunal  and 
stratigraphic  relations  of  these  beds,  and  of 
the  Bear  River  Laramie,  Wasatch,  Laramie, 
Puerco,  and  Fort  Uniuu  ^roupH.  (The  ab- 
stract in  Science  is  a  very  complete  one.) 


—  On  the  Cretaceous  lormations  of 
Texas,  and  their  relation  to  those  of 
other  portions  of  North  America. 

Philadelphia,  Acad.  Sci.,  Proc,  1887,  part 
1,  pp.  89-47. 

Describes  results  of  studies  by  R.  T.  Hill, 
ftx>m  which  is  given  a  descriptive  table  of  the 
strata  of  the  eastern  half  of  Texa:*,  nnd  their 
supposed  eqniv^ilents  in  the  Mississippi,  and 
upper  Missouri  River  sections.  Disousses 
the  equivalency,  distribution,  subdivisionst 
and  relations  to  associated  formations. 

—  On  the  occurrence  of  later  Creta- 


ceous deposits  in  Iowa. 

Am.  Geologist,  vol.  1,  pp.  221-227.    1888. 

References  to  localities  and  occurrence  of 
fossils,  and  discussion  of  their  stratigraphic 
position  in  the  Crcticeous,  the  position  of 
Cretaceous  shore  line,  nnd  original  thickness 
and  extent  of  the  CreUiceous  in  Iowa. 

—  On  the  relation  of  the  Laramie  group 
to  earlier  and  later  formations. 

Am.  Jonr.  Sci.,  3d  series,  vol.  35.  pp.  432-438. 
1888. 

Abstract.  Nature,  voL  38,  p.  189,  7  linea. 
1888. 

Description  of  the  relations  of  the  Laramie 
in  the  lower  Bio  Qt«iti!i\.«  x«^<c>\k\3a.*l.«k^v^  v&^ 
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"WHITE,  Charles  A.  — Continued. 

Mfxico,  reft>rencH8  to  the  n»lation8  of  the 
£ -113'  River  acrii-A,  and  dUcasHioxi  of  the  his- 
t4ir\  of  tho  liiie  CretaceouH  ami  early  Tertiary 
in  we^itern  Aiuerlca,  and  the  Cretaceous  age 
of  the  greater  part  of  the  Laramie. 

On  the  Pnget  group  of  Washington 

Territory. 

Am.  Jonr.  Sd., 3d  aoriea,  vol. 36,  pp. 443-450. 
1888. 

Abstract,  Nature,  vol.  80,  p.  189,  16  lines. 
1888. 

Statement  of  general  relations  and  dlscus- 
aion  of  geoesis,  hintory,  biologic  relations, 
and  correlation  with  Laramie  and  Chioo- 
T6jon  groups. 

— ^  Monutain  upthmsts. 

Am.  Naturalist,  vol.  23,  pp.  30(M08.    1888. 

StctiouH  and  desoiiptions  of  the  Uinta  fold, 
and  the  Junction  and  Yampa  mountain  up- 
thrusts,  and  discussion  of  their  history  and 
the  philosophy  of  their  uplift. 

[On   the  fauna  of  the  Permian  of 

Baylor,  Archer  and  Wichita  counties, 

Texas.  ] 

Am.  Naturalist,  vol.  22,  p.  926,  ^  p.    1888. 
Statement  of  hia  opinion  in  regard  to  the 
Permian  age  of  the  formations. 

On  HindeastraBU,  a  new  generic  form 

of  Cretaceous  Astr.cdiB. 

Geol.  Magazine,  3d  decade,  voL  5,  pp.  36^ 
364.     1888. 

Incidentally  refers  to  stratigraphio  position 
of  Ripley  group. 

Remarks    on    the    genus    Ancella, 

with  special  reference  to  its  ocourrence 
in  California. 

U.  S.  Geol.  Sarvey,  Monograph,  No.  13, 
Quicksilver  deposits  of  the  Pacific  slope. 
By  G.  F.  Becker,  pp.  226-232,  plates  lu,  nr. 
1888. 

Ladndes  a  statement  in  regard  to  the  ago 
of  the  containing  series  indicated  by  its  oc- 
currence. 

.i Report — Mesozoic  division  of  inver- 
tebrate paleontology. 

IT.  S.  Geol.  Survey,  Seventh  Report,  J.  W. 
Powell,  1885-'86,  pp.  117-120.     1888. 

Rffen«ncus  to  tbickuess,  age,  and  fauna  of 
coal- bearing  seriuH  in  hills  Houlh  of  San  Pete 
valley,  Uta]i,  their  faunnl  nlaiion  to  the  Lara- 
mie and  their  t'qiiivaloncy  with  the  coal- 
bearing  bids  near  Evnnston,  Wyoming;  the 
occuiience  of  coal  in  the  Laramie  in  Cotton- 
wood Cafion,  the  e(iui valency  of  the  coal 
series  in  Pleasant  valley  and  Coal  villa,  Utah, 
and  the  maiine  origin  of  the  cout^iining 
strata;  the  faunal  relations  of  the  Lnianiio  and 
Wasatch,  and  extent  of  laud  area  during 
I2ie  latter  part  of  the  Jurasaio  period. 


"WHITE,  Charles  A.— Continued. 
The  lower  Cretaceoas  of  the  South- 
west and  its  relation  to  the  underlying 

and  overlying  formations. 

ilm.  Jour.  Sci.,  3d  scries,  vol.  38,  pp.  440- 
445.    1880. 

An  aocoont  of  its  characteristics  and  rela- 
tions  in  various  districts  in  Texas  and  north- 
ern Mexico,  and  discusstion  of  its  stratigtaphic 
range,  equivalency,  history,  and  extent. 

On  the  Permian  formation  of  Texas. 


Am.  Naturalist,  voL  23,  pp.  109-128,  pL  (Feb- 
ruary, 1889). 

Discussion  of  faunal  and  stratigraphio  re- 
lations and  range;  brief  description  of  its 
several  members,  estimates  of  thickn«^89,  dip, 
and  extent,  characteristics  and  relations  of 
associated  formations,  and  review  of  evidence 
and  opinions  bearing  on  the  identity  and 
equivalency  of  the  Permian  in  North  America. 

On   invertebrate    fossils    from    the 

Pacific  coast. 

U.  S.  Geol.  Survey,  Bull.,  voL  8,  pp.  433- 
632,  pis.  I-XIV.     No.  51.     1889. 

Abstract.  Am.  Geologist,  vol.5,  pp.  109-110, 
I  p.    1890. 

The  paper  consists  of  five  parts :  L  New 
fossil  moUusca  from  the  Chioo-T^jon  series  of 
California,  which  includes  a  discussion  of  the 
sti  atigraphic  and  faunal  relation  of  the  series. 
XL  fiquivaleots  of  the  Chico-T6jon  series  in 
Oregon  and  Washington;  a  description  of  a 
number  of  new  or  little-known  localities.  UI. 
Cretaceous  fossils  from  Yaucouvor  Island 
region,  including  some  remarks  on  the  faunal 
relations  of  the  Vancouver  group.  IV.  Mol- 
luscan  fauna  of  the  Puget  group;  includes 
some  general  remarks  on  the  geology  of  the 
group,  its  history,  extent,  and  fSaimal  and 
floral  relations.  Y.  Mesozoic  mollosca  fh>m 
the  southern  coast  of  the  Alaskan  peninsula, 
inclnding  some  remarks  on  the  horizon  of  the 
containing  beds. 

The  North  American  Mesozoic. 

Science,  vol.  14,  pp.  160-166.     1889. 
Nature,  vol.  40,  p.  557,  12  lines.    1889. 
Abstracts  of  address  to  Am.  Assoc.  Adr. 
Science,  1889. 

WHITB,  C.  D.  Carboniferous  glacia- 
tion  in  the  southern  and  eastern  hemi- 
spheres, with  some  notes  on  the  Gloasop- 
teris  flora. 

Am.  Geologist,  vol  3,  pp.  299-330.     1889. 

Sets  forth  a  summary  of  the  evidence  of  an 
early  Carboniferous  glacial  epoch  in  the 
region  bordering  the  Indian  Ocean  in  Asia 
Africa,  and  Australia,  and  revioivs  the  dis- 
cussions of  its  date  and  extont.  the  correla- 
tion of  the  terraues  by  which  it  is  represented 
in  different  regions,  the  origin  and  history  of 
the  Glos»opteris  flora,  and  the  evidence  of  sB 
Afaca^  India- Aaat-7aUan  continent. 
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"WHITE,  I.  C.  Rounded  bowlders  at 
high  altitudeH  along  Bome  Appalachian 
rivere. 

Am.  Joor.  Scl.,  3d  series,  vol.  34,  pp.  374- 
881.    1687. 

A  discussion  of  tbo  history  recorded  in  the 
bowlder  deposits  and  terraces,  especially  in 
oonoectioD  with  the  existence  of  a  jclacial  ice 
dam  in  the  Ohio.  DiHCUsaes  the  relations 
and  sigDitlcaDce  of  bowlder  deposits  along 
the  upper  Ohio,  the  Kanawha,  the  Pitts- 
borg  regions,  the  Potomac,  and  the  James ; 
the  bowlder  and  ciay-covered  divides  of  the 
Teazes  valley  near  Charleston  and  Pitts- 
burg and  McKeesport,  Pennsylvania;  the 
teiTAces  of  the  Monongahela  and  Yonghio- 
gheny,  the  variations  in  altitude  of  these 
bowlder  and  terrace  deposits,  and  the  origin 
of  the  high-level  deposits  along  the  Cheat 
Biver  of  West  Virginia. 

WHITE  AYES,  J.  F.  Notes  on  some 
Musozoic  fossils  from  various  localities 
on  the  coast  of  British  Columbia,  for 
the  most  part  collected  by  Dr.  G.  M. 
Dawson  in  the  summer  of  18d6. 

Canada,  Geol.  and  Nat.  Hist.  Sorvej,  Re- 
port, 1886,  part  13,  pp.  108-J14.  Appendix  L 
1887. 

Inclades  mention  of  localities  and  some 
snggestions  in  regard  to  horizons  indicated  by 
the  fossils. 

WHITFIELD,  J.  Edward.  [Analyses 
of  volcanic  dusts.] 

TJ.  S.  aeol.  Survey,  Boll.,  vol.  7,  p.  141, | p. 
No.  42.    1887. 

From  Marsh  Creek  valley,  Idaho,  Little 
Sage  Creek,  Montana,  and  Devil's  pathway, 
Montana. 

Coal  from  Jefferson  Connty,  West 

Virginia. 

U.  S.  Geol.  Survey,  Bull.,  vol.  7,  p.  148,  |  p. 

No.  42.     1887. 
Analysis. 

Coal    from    Walnut   Cove,   Stokes 

County,  North  Carolina. 

U.  S.  Geol.  Survey,  Bull.,  voL  7, p.  148,  |  p. 
No.  42.    1887. 
Analysis. 

TV'HITFIELD,  E.  P.  New  Jersey  Cre- 
taceous. 

Am  Naturalist,  vol.  21,  pp.  68-60.    1887. 

General  review  of  stratigraphy  and  faonal 
relations  of  the  Cretaceous  and  Eocene,  and 
diAcu-ssion  of  the  eqaivaleucy  ot  the  former 
If  i 111  members  in  the  upper  Missouri  section. 

[On  the  use  of  the  term  "  Quater- 
nary."] 

International  Congress  of  Geologists,  Aql 
Oonunittee  Beports,  1888,  F,  pp.  ld-10,  i  p. 


•WHITFIELD,  R.  P.— Continued. 

Am.  Geologist,  vol.  2,  pp.  281-282.     1888. 
Consideration  of  its  tuxonomic  value. 

Observations  on  some  imperfectly 

known  fossils  from  the  Oalciferona 
sanilrock  of  Lake  Champlaln,  and  de- 
scriptions of  several  new  forms. 

Am.  Museum  Nat.  Hist.,  Bull.,  voL  2,  pp. 
41-63,  plates  VII-Z.    1880. 

Pre  ceded  by  a  brief  description  of  the  re- 
lations near  Plattsbnrg,  New  York. 

Note  on  the  faunal  resemblance  be- 
tween the  Cretaceous  formations  of 
New  Jersey  and  those  of  the  Gulf 
States. 

Am.  Museum  Nat.  SEist.,  Bull.,  voL  2,  pp. 
113-116.    1880. 

Parallel  lists  of  species  from  Alabama,  Mis- 
sissippi, Texas,  and  Dakota,  and  comments  on 
the  liaunal  relations. 

WUlTINa.  H.  A.    Mono  County. 

Oalifomia,  Eighth  Beport  of  State  Miner- 
^  alogists,  pp.  352-401.    1888. 

Includes  incidental  references  to  geologic 
relations  at  various  localities  and  to  petro- 
graphio  features  of  some  of  the  locks. 

'WHITTLE,  Charles  Livy.  The  intru- 
sive and  extrusive  Triassic  trap  sheets 
of  the  Connecticut  valley.  See 
DAVIS,  William  Morris,  and. 

WILLIAMS,  George  H.  On  a  plan 
proposed  for  future  work  upon  the 
geological  map  of  the  Baltimore  region. 

Johns  Hopkins  Univ.  Circular,  Na  69,  pp. 
122-123.    1887. 
Statement  of  scope. 

Rutil  nach  Ilmenit  in  verandertem 

Diabas.  Pleonast  (Hercyiut)  in  Norit 
von  Hudson-Flnss.  Perowskit  in 
Serpentin  (Peridotit)  von  Syracuse, 
New  York. 

Nenes  Jahrbuch,  1887.  Band  2,  ss.  263-287. 

Describes  roicropetrography  of  diabase 
l^m  Big  Quinnesec  Falls,  Menominee  River ; 
the  norlte  of  the  Cortlandt  series,  and  the 
serpentine  of  Sy mouse,  the  origin  of  which  is 
also  briefly  discussed. 

Thenoritesof  the  '' Cortlandt  seriei'* 

on  the  Hudson  Kiver  near  Peekskill, 
New  York. 

Am.  Jour.  8ci.,  3d  series,  vol.  33,  pp.  13&-lii, 
191-190.    1887. 

Abstract.,  Neues  Jahrbuch,  1887,  Band  2,  ss. 
316-317. 

After  a  review  of  the  distribution  ot 
hjpersthene  roclcs  in  geceral,  describes  and 
discusses  the  micropotrography,  ocoacceufit^ 
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WUiIflAMS,  George  H. — Continued, 
and  some  ■tnielund  relfttioni  of  the  **norite 
proper,"  "hornblende norite,"  "mio*Boribe," 
"  hyperite,"or  "  auffite  norite,"  "  pyroxenite** 
and  their  graduAtione. 

HolocryBtalline  granitic  stmctare  in 

eruptive  rockB  of  Tertiary  age. 

Am.  Jour.  Sci.,  8d  aerieti  toL  88,  pp.  815-810, 
1887. 

ICotice  of  10100  of  Stelxner  conelastons  in 
his  memoir  on  "The  Gfreolofcyof  the  Argen- 
tino  Repahllo."  Incidentally  refers  to  the 
natnroof  the  "KeTadite"  of  Ton  Riehthofen 
and  discasaes  the  relations  of  stmctitre  in 
rock  masses  (o  the  conditions  nnder  which 
the  J  solidify. 

Ou  the  serpentine  (peridotite)  occur- 
ring in  the  Onondaga  ealt  group  at 
SyracuBe,  New  York. 

AoL  Joor.  Sci. ,  3d  series,  voL  24,  pp,  187-148. 
1887. 

Abstracts  by  anthor.  Science,  toL  8,  pp. 
187-145, 1887;  Neaes  Jahrbach,  1888,  Band  1, 
ss.  80-81. 

Describes  the  occarrenoe  of  the  rock  and 
its  chemio  and  mlneralog^e  constitaents. 
DiscuMes  its  slteration  from  peridolite  and  its 
close  lesemblanco  to  the  dikes  of  Klliott 
Coanty,  Keutucky. 

Tlic  gabbroB  and  aasooiated  horn- 
blende rucko  occurring  in  the  neigh- 
borhooil  of  Baltimnre,  Maryland.  U.  S. 
Geological  Survey,  Bull.  No.  28. 

Abstract,  OeoL Mag.,  3d  decade, toL  4,  pp. 
^      87-88.    1887. 

Some  examples  of  the  dynamic  met- 

amorphism  of  the  ancient  eruptive 
rocks  on  the  south  shore  of  Lake 
Snpericr.     [Abstract.] 

Am.  Assoc.  Adv.  Science,  Proc,  yoL  86,  pp. 

225-220.    1888. 

Description  of  certain  mocUOcations  which 
rocks  andergo  when  subjected  to  the  action  of 
mountain-makiug  forces. 

The   gabbros  and    diorites   of  the 

**Cortlandt  series"  on  the  Hudson 
River  near  PeekHkill,  New  York. 

Am.  Jomr.  Sci. ,  3d  series,  vol.  35,  pp.  438-448. 
1^88. 

Abstract,  Am.  Natnralist,  vol.  22,  p.  020,  i  p. 
1888. 

Beferences  to  occnrreDce  and  relation  to 
each  other,  and  petro^raphic  description. 

The  contact  metamorphism  pro- 
duced in  the  adjoining  mica  schists 
and  limestones  by  the  massive  rocks  of 
the  '^Conlaudt  seriea"  near  Peelukill, 
Hew  York. 


"WILLIAMS,  George  H.— Contioiied. 

Am.  lour.  Set,  8d  Mttoa,  ToL  88^  pp.  25i-968L 
pLVL    1888. 

Abatracta,  Johna  HopUaa  TTniv.  Oirenlars, 
ToL  7,  ppi  68-65,  Na66,  1888;  Am.  Vatur- 
aliat,  ToL  22,  pp.  1020-1021.  |  p..  1888. 

ICainly  petrographic  Deaeribea  contact  re- 
lationa  at  Cmger'B  Station  and  on  the aoathem 
end  of  Verplanek*B  Point.  S6snm^of  evidence 
of  the  emptiYe  nature  of  the  massiTe  mMn- 
bers  of  the  Cortlandt  series  and  referaneee  to 
oonditioiis  of  Bolidifloation,  and  location  of  the 
center  of  eraptire  action. 

[Subdivision  of  Arcbean,  nature  of 

oldest  crystalline  schiBts,  origin  of  ser- 
pentine, and  use  of  term  ^'Taconic.''] 

International  Congress  of  Geologists,  Am. 
Ctommittee  Reports,  1888,  A,  pp.  67-68. 

On  the  use  of  the  term  *'  Taconic." 

International  Congress  of  OeologistB,  Am. 
Oommittef  ReporU,  1888,  B,  p.  17, 3  lines. 
Am.  Geologist,  yoL  2,  p.  207.    1888. 
Bxpression  of  opinion. 

Geology  of  the  Baltimore  region. 

Johns  Hopkins  UnlT.  Oircnlars,  toL  7,  p.  73, 
icol.    No.  65.    1888. 
Refers  to  the  sequence  of  the  eraptivea. 

Progress  of  the  work  on  the  Archean 

geology  of  Maryland. 

Johns  Hopkins  UniT.  Oircnlars,  toL  7,  pp. 
61-68.    No.  65.    1888. 

General  sketch  of  Maryland  geology  and 
description  of  the  relntions  of  the  gnei&ies 
and  Tarinaa  eruptives  in  the  Baltimore  region 
and  northward  to  the  Pennsylvania  line. 

Geology  of  Fernando  de  Noronha, 

Part  II,  petrography. 

Am.  Jour.  Sd.,  8d  series,  voL  37,  pp.  178-188. 
1888. 

Abstract,  Am.  Natnralist,  yoL  23,  p.  622,  (  p. 
1888. 

Petrographlo  description  of  specimens  of 
.  phonolites,  trachytes,  and  audesites. 

Con  Iribnt ions  to  the  minei-alogy  of 

Maryland. 

Johns  Hopkins  TTniT.  Oircnlars,  vol.  8,  pp. 
00-100.    No.  75.    1889. 

Inclades  reference  to  the  occurrence  and 
composition  of  an  ottrelite  rook  in  Frederick 
Coanty. 

WILLIAMS,  H.  S.   Methods  of  instroo- 
tion  in  general  geology. 

Am.  Natnralist,  toL  21,  pp.  616-626.    1887. 

On  the  fossil  faunas  of  the  upper 

Devonian.    The  Genesee  section,  New 
York. 

U.  S.  Geol.  Surrey,  Bull.,  ▼oL6^pp.481-60i; 
pis.  MY.    N0.4L    1887. 
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WILLIAMS,  H.  S.— <:;ontiniied. 

Diiraaaiilon  of  tbe  luUeontolofcio  and  atniti< 
graphic  relations,  cqulyaleney,  mnH  raiijto  of 
the  memlicn  of  the  upper  DeTonian  and  base 
of  the  lower  Carboniferoua  in  aoalhem  New 
York,  north«m  PeDnsylvania,  and  Ohio. 
Detailed  deacriptlon  of  stratigraphy  and 
fanoa  at  Tarioas  localities  from  Genoeee 
Connty,  New  York,  to  HoKean  County, 
Pennsylvania. 

^—  On  the  different  types  of  the  Devo- 
*  nian  system  in  N^orth  America. 

Am.  Jonr.  Sd.,  3d  series,  vol.  85^  pp.  61-50. 
1888. 

Abstracts,  Nature,  voL  37,  p.  868,  11  lines, 
1888;  Am.  Assoc.  Adr.  Science ,  Proc,  vol. 
36.  pp.  207-208.  I  p.    1888. 

R^snm^  of  the  more  prominent  featnree 
and  (liDOussion  of  the  paleontolojdo  and  strat- 
igraphic  relations  of  the  Devonian  formations 
in  the  several  areas. 

Report  of  the  subcommittee  on  the 

upper  Paleozoic  (Devonic). 

International  Congress  of  Geologists,  Am. 
Committee  Reports,  1888,  C,  pp.  81. 

Am.  aeologist,  voL  2,  pp.  225-239.    1888. 

Kevlew  by  Jules  Marcon,  Am.  Qeologist, 
vol.  3,  pp.  00-^,  f  p.    1880. 

A  general  review  of  the  distribution,  tax- 
onomy, and  nomenclature  of  the  Devonian 
members  of  North  America. 

On  the  relation  of   the  Devonian 

faunie  of  Iowa. 

Am.  Geologist,  vol.  8,  pp.  230-233.    1880. 

Discussion  of  the  faunal  relations,  and  stra- 
tigraphy and  eqnivslency  of  the  Iowa  Devo- 
nian. 

The  use  of  fossils  in  determining  the 

age  of  geologic  terranes.    [Abstract.  ] 

Am.  Assoc.  Adv.  Science,  Proc.,  vol.  37,  p. 
200.  i  p.    1880. 

Discusses  the  value  and  limitation  of  pale- 
ontologio  correlations. 

[Comparision  of    ols-  with   trans- 
Atlantic  formations.] 

Katnre,  vol.  40,  p.  657,  |  col.    1888. 

Abstract  of  p^per  read  to  American  Asso- 
ciation, 1880. 

Faunal  relations  of  Devonian  of  England 
and  America. 

WILLIAMe^  8.  G.    Note  on  the  lower 
Helderberg  rocks  of  Cayuga  Lake. 

Kew  York,  Sixth  Report  of  the  State  Geol- 
ogist, 1886,  pp.  10-12.    1887. 

NoUoe  of  additional  discoveries  of  fossils. 
Repeats  his  opinion  that  the  "Salina  and 
lower  Helderberg  are  merely  different  phases 
of  one  geologioal  period,  deposited  under 
very  different  conditions  indeed,  but  to  a 
graat  extant  oontemporaneoualy." 


WILLIAMS,  S.  G.— Continned. 
—  The  TuUy  limestone,  its  distribution, 
and  its  known  fossils. 

New  Yorii,  Sixth  Report  of  the  Geologist, 
1886,  pp.  18-20.    Map.    lt<87. 

Describes  its  lino  of  outcrop,  constituents, 
thickness,  structure,  and  fossils.  Accompa- 
nied by  a  map  of  its  ontcrop. 

WILLIS,  Bailey.  Changes  in  river 
courses  in  Washington  Territory  due 
to  glaoiation. 

n.  S.  GeoL  Survey,  Bull.,  vol.  6.  pp.  473-480, 
4  pistes.    No.  40.    1887. 

Discussion  of  the  mecncy  of  lava  flows  snd 
glaciers  in  diverting  a  portion  of  the  course 
of  the  Columbia  Biver,  Accompanied  by 
a  geologic  map  indicating  the  fur  mat  ions 
along  a  line  of  reoonnaisssnce,  and  hach- 
ured  maps  showing  preglacial  channel  of 
the  SiDiilkameen  River,  the  lower  valley  of  the 
Okinakamo  River,  and  Columbia  Kiver  from 
the  latter  to  Lake  Chelan. 

Topography  and  structure   in   the 

Bays  Mountains,  Tennessee. 

School  of  BCinsa  Qnarterly,  voL  8,  pp.  242- 
262.    1887. 

Describes  their  structure,  topography,  and 
drainage,  and  discusses  the  relations  of  drain- 
age and  topography  to  structure,  and  the  time 
and  extent  of  Appalachian  uplift. 

[ ]  [Absence  of  Sierra  Nevada  struct- 
ure in  northern  Washington  Territory.] 

Washington,  Phil.  Soc,  Bull.,  vol.0, p.  8,^ 
p.    1887.' 

States  that  the  east«m  face  of  the  Cascade 
Range  is  not  determined  by  a  great  fault. 

The  marble  of  Hawkins   County, 

Tennessee. 

School  of  Mines  Qnarterly,  voL  0,  pp.  112- 
128.    1888. 

Description  of  abed  of  Trenton  marble,  and 
the  great  fault  by  which  it  is  cut  off  firom  the 
adjoining  Cambrian  rocks. 

Mount  Rainier  and  its  glaciers. 

Washington,  Phil.  Soc.,  Bull.,  voL  10,  p.  10^ 
I  p.    1888. 

Brief  mention  of  the  paper,  and  statement 
in  regard  to  the  relations  of  Mounts  Rainier 
and  Shasta  as  points  of  volcanic  activity. 

Round  about  Asheville. 

Kational  Geogr.  Mag.,  voL  1,  pp.  201-300. 
Map.    1880. 

Classification  of  the  topographic  character- 
istics of  the  western  North  Carolina-East  Ten- 
nessee region,  and  discussion  of  evidence  and 
history  of  successive  stages  of  elevation  and 
base  leveling. 

WINCHBLL,  Alexander.  Report  of 
geological  obaeryations  made  iu  ooittW 
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WINCHELL,  Alexn Oder.— Cou tinned, 
eastern  Minnesota  daring  the  season  of 

1880. 

Geol.  and  Nat.  Hist  Surrey  of  Bftinn.,  16di 
Report,  1886,  pp.  7  -206.    Map.    1887. 

Field  notee  of  work  in  region  north  of  the 
western  part  of  Lake  Superior.  Describee 
and  fljoii^'*  many  details  of  stmctnre,  rook 
texture,  and  distribution,  Yolcanism,  rein 
stones,  etc,  in  the  crystalline  and  metamor- 
phic  series.  In  a  summary  of  observations 
(p.  172)  ^ives  a  general  description  of  the  re- 
gion, and  diacussea  tbe  stractnral  and  atraU- 
graphic  relations,  extent,  equivalency,  modi- 
flcationa,  Tariatiuna,  origin,  and  geologic 
hist<}ry  of  the  formations.  Beviews  Lawson 
on  tbe  Keewatin  series,  and  on  gneiaaio  folia* 
tlon.  Nuticea  some  glacial  phenomena  in  tbe 
region.  Accompanied  by  »  folded  colored 
geologic  map,  in  pait,  by  N.  H.  WinchelL 

Un  con  form  ability  between  the  An- 

iniikic  and  the  Vermilion  series. 

Am.  Jonr.  Sci.,  3d  aeries,  toL  34|  p.  814. 
1887. 

••  Tbe  Animikie  fliui  scbists  dipping,  5^  S. 
'  have  beou  traced  by  me  to  witbin  seven  feet 
of  serlcitic  argillites  of  tbe  Yermilion  seriea 
dipping  about  07o  N£." 

The  unconformities  of  the  Animikie 

in  Minnesota. 

Am.  Geologist,  vol.  1,  pp.  14-24.  1888. 
Reference  to  characieristics,  relations,  dis- 
tribution, and  equivalency  of  tbe  Animikie, 
and  description  and  discussiun  of  relations  in 
nortberu  Minnesota  and  some  a4Jacent  por- 
tions of  Canada. 

Some  effects  of  pressure  of  a  conti- 
nental glacier. 

Am.  Geologist,  vol.  1,  pp.  139-143.    1888. 

Discussion  of  relations  of  crustal  deforma- 
tion to  tbe  great  luva  outflows  of  tbe  far  West, 
and  to  post-glacial  uplift  of  shore  linea  in  the 
Atlantic  coast  region. 

—  -  The  Taconic  question. 

Am.  Geologist,  voL  1,  pp.  347-303.    1888. 

Keviow  of  literature,  and  discussion  of  tbe 
grounds  of  tbe  opponents  of  the  Taconic 
system,  and  the  nomenclature  of  the  lower 
Paleozoic. 

Geology  as  a  means  of  culture. 

Am.   Geologist,  voL  2,  pp.  44-51,  100-llA 
1888. 
[On  the  use  of  the  term  "  Taconic."] 

International  Oongress  of  Geologists,  Am. 
Oommittee  Reports,  1888,  B.  pp.  12-13. 
Am.  Geologist,  vol.  2,  pp.  202-203.    Ige8. 
Discussion  of  its  applicability. 

[On  the  nameiiclature  of  the  Ter- 

tiary,  and  tho    fannal    relatioiiSi   and 
designation  of  the  Quaternary.] 


WINCHELL,  Alexander. — Continued. 

International  Oongress  of  Geologists,  Am. 
Oonunittee  Reports,  1888,  F,  pp.  16-17,  f  p. 

Am.  Geologist,  vol.  2,  pp.  282-283.    1888. 

Discusses  tbe  taxononiic  value  of  the  Lyell- 
ian  divisions,  and  tbe  term  "  Quaternary." 

- —  Report  of  a  geological  survey  in 
Minnesota  during  the  season  of  1887, 
embracing  comparative  observations  in 
some  other  regions. 

Minnesota,  GeoL  and  Nat.  Hiat.  Snrvry, 
16th  Report,  pp.  133-391.    ISSi. 

Description  and  distiussi.n  of  relations  la 
northeastern  Minnesota,  preceded  by  an  ac- 
count and  discussion  of  observations  In  the 
original  Hurouiao  in  Canada,  and  in  Northern 
Michigan,  and  Wisconsin. 

Systematic  results  of  a  field  study  of 

the  Archean  rocks  of  the  north  w^est. 
[Abstract.  J     « 

Am.  Assoc.  Adv.  Science,  voL  37,  pp.  205- 
208, 1  p.    1880. 

Abstract,  Science^  voL  12,  p.  100,  12  linea. 
1888. 

Summary  statement  of  strat!graphicsucces> 
don  and  equivalency  of  tbe  crystalline  series 
of  the  Northwest. 

Conglomerates  enclosed  in  gneissio 

terranes. 

Am.  Geologist,  vol.  3.  pp.  1 53-1 05.    1880. 

Describes  pebble-bearing  gneisses  in  tbe 
region  northwest  of  Lake  Superior,  discusses 
the  bearing  of  their  occurrence  on  the  origin 
and  history  of  tbe  gneiss,  and  cites  other  in- 
staucea  of  conglomf  ritic  crystalline  rocks  in 
Now  England  and  in  Europe. 

[ ]  Rejoinder  to  Dr.  Lawaon  [on  rock 

foliation  and  sedimentation]. 

Am.  Geologist,  vol.  3,  pp.  193-195.    1889. 

Discussion  of  some  conditi  jus  of  metamor- 
phism,  and  citation  of  English  investigations 
bearing  on  the  question. 

— —  Two  systems  confounded  in  the  Ha- 
ronian. 

Am.  Geologist,  vol.  3,  pp.  212-214.     1880. 

Review  of  Bonney.  "  Notes  on  a  part  of  the 
Huroniao  series  in  the  "vicinity  of  Sudbury, 
Canada."  Discusses  tbe  age  and  equivalency 
of  the  beds  described  by  Bonney,  and  the 
oorrolatiun  of  the  post-Laurentlau  series  in 
the  Sudbury  region  with  the  Huronian  and 
associated  seriea  in  the  Lake  Superior  dis- 
trict. 

Conglomerates  enclosed  in  gneissio 

terranes. 

Am.  Geologist,  voL  8.  pp.  256-261.     1880. 

Discusses  the  Ixsariug  of  tlie  occurrence  of 
pcbblos  in  cry.stalline  rocks  of  various  ssei, 
iiicludin^  tbe  Laurentiau,  on  the  clastic orij^ia 
of  sumo  of  the  L»iuruutiau  meuibera. 
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WINCHELL,  Alexander— Continued. 

On  the  Arch  can.     See  FRAZERi 

Report  on  Archean. 

^WINCHELL,  H.  V.     Partial  report  of 
observations  made  by. 

Minnesota,  Greol.  and  Nat.  Hist.  Sunrey, 
FiAeenth  Report,  1886,  pp.  403-419.    1887. 

On  cryBtalllDe  rocks  of  a  portion  of  north' 
eastern  MiDuesoto. 

Report  of  observations  made  during 


the  siiuiuier  of  1^87. 

Minnesota,  Oeol.  and  Nat.  Hist.  Surrey, 
Sixteenth  Report,  pp.  395-478,  map.     1888. 

Description  of  relations  and  characteristics 
of  crystalline  rocks  along  varioas  routes  in 
northwest  Minnesota.  References  to  Creta* 
ceoaa  outliers. 

The  diabasic  scbist>8  containing  the 

jaspilyttt  beds  of  northeastern  Minne- 
sota. 

Am.  Geologist,  vol.  3.  pp.  18-22.    1889. 

Descriptii  n  and  discussion  of  relations  of  the 
massive  and  of  schistose  basic  series  and  their 
siliceous  and  ferruginous  associates. 

Report  of  field  observations  made 

during  the  season  of  1888  in  the  iron 
regions  of  Minnesota. 

Minnesota,  Geol.  and  Nat.  Hist.  Survey, 
Sev«nteeatti  Report,  pp.  77-145.    1889. 

Notes  on  region  eA!.t  of  Tower.  Discussiuu 
of  I  he  relntioua  of  the  several  formations, 
pages  128-135. 

• i  Professor  Irving  and  the  Eeewatin 

series,  and  the  origin  and  horizon  of 
the  iron  ores  of  the  Vermilion  Lake 
scries.]  See  \yiNCHELL,  N.  H.  and 
H.  V. 

• On  a  possible  chemical  origin  of  the 

iron  ores  of  the  Keewatin  in  Minnesota. 
Sfe  VriNCHELL,  N.  H.,  and  H.  V. 

'WINCHELL,  N.  H.     Geological  report. 

Minnesota,  Geol.  and  Nat.  Hist.  Survey, 
Fifteenth  Report,  1886,  pp.  211-399.  map. 
1887. 

Detailed  description  of  Vermilion  Lake  iron 
region  and  vicinity,  and  discussion  of  the 
structural  relations,  stratigraphy,  equiva* 
leucy,  age,  extent,  origin,  etc.,  of  the  several 
formations  and  of  the  "  jaspilyte  rook."  Gives 
list  of  some  glacial  strio).  Describes  some 
features  of  the  Mayhew  Lake  titan  itVrous  iron- 
ore  district.  Accompanied  by  a  folded,  col- 
ored, geologic  map. 

Notes  on  tho  classification  and  no- 
menclature for  tho  American  Conmiittee 
of  the  International  Geological  Con- 
gress, March,  lo87. 


WINCHELL,  N.  H.— Continued. 

American  Naturalist,  voL  21,  pp.  693-700. 
1887. 

After  stating  the  present  condition  of  the 
Taconio  question,  discussea  the  history,  ap- 
plica|rion,  and  equivalency  of  the  terms  "  Ta* 
conic,"  "Primordial." and  " Cambrian,"  show- 
ing that  " Tanonic"  was  prior  to  "Cambrian  " 
under  the  same  conditions  of  application,  and 
was  originally  applied  with  equal  error.  It 
is  urged  that  "  Taconio  "  should  be  retained 
for  the  first  fauna  and  "Cambrian"  for  the 
second,  in  accordance  with  the  purpose  of 
their  authors.  Discusses  the  subdivisions  of 
tho  Archean  and  the  use  of  the  term. 

Tiie  granite  and  qnartzite  contact  of 

the  Aurora  mine,  Gogebic  iron  range,  at 
Ironwood,  Michigan.     [Abstract.] 

Am.  Assoc.  Adv.  Science,  Proo.,  vol.  36,  p. 
211,  i  p.    1888. 

Discusses  the  nature  and  origin  of  the 
granite,  and  refers  it  to  the  Huronian. 

The  Animikie  black  slates  and  quartz- 


ites,  and  the  Ogishke  conglomerate  of 
Minnesota,  the  equivalent  of  the  *'  orig- 
inal Huronian." 

Am.  Geologist,  vol.  1,  pp.  11-14.    1888. 

Includes  a  review  of  the  characteristics  of 
the  original  Huronian,  and  a  table  suggesting 
the  equivalency  of  the  several  members  with 
similar  rocks  in  Minnesota  and  Wisconsin. 

—  Some  objections  to  the  term  Taconio 
considered. 

Am.  Geologist,  vol.  1,  pp.  162-173.    1888. 

Discussion  of  the  status  of  the  term  and  dis- 
cussion of  the  objections  advanced  against  ita 
adoption. 

—  A  great  primordial  quartz!  te. 

Am.  Geologist,  voL  1,  pp.  173-178.    1888. 

Correlation  of  Cambrian  quartzites  of  the 
Taconio  region,  the  Potsdam  sandstone  of 
New  York,  tho  Huronian  quartadtes  of  Min- 
nesota and  'Wisconsin,  the  "Potsdam"  sand- 
stone of  the  Black  Hills  of  Dakota,  and  the 
eastern  sandstones  of  Michigan. 

— -]  Note  [on  small  outliers  of  Creta- 
ceous in  Minnesota]. 

Am.  Geologist,  vol.  2,  p.  334,  i  p.    1888. 
References  to  localities  and  charaoteriatios. 

—  Keport  of  the  subcommittee  on  the 
lower  Paleozoic. 

International  Oongress  of  Geologists,  Am. 
Committee  Beports,  1888,  B,  pp.  37. 

Am.  Geologist,  vol.  2.  pp.  103-224.    1888. 

Discussion  of  nomenclature,  especially  in 
regard  to  the  use  of  the  terms  "  Taconic  "  and 
"St.  Croix."  Includes  extracts  of  letters 
from  J.  D.  Dana,  S.  W.  Ford,  James  Hall,  C.  H. 
Hitchcock,  Alexander  Winchell,  J.  S.  New- 
berry, O  H.  Williams,  J.  W.  Dk^rsavl^  ^^^..v:.. 
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'WIKCHELL.  N.  IT.— Continued. 

8olwyo.  B.  K.  Enioraon,  Joseph  Le  Conte, 
James  Hacfarlanv,  S.  F.  Einmuns,  A.  Uagae, 
W.  P.  BUko,  and  C.  E.  Duttoii,  andayuopsis 
of  conclnsinna  by  C.  D.  WalcoU  on  the 
"TaciiDtc  fi^'Bteiu  of  EnimoDs,"  which  is  also 
reTiowetl. 

Preface. 

Minnesota,  Geology  of,  Final  Report,  vol. 
2,  pp.  13-24.    1888. 

Diacutsion  of  some  of  the  stratigraphio  re- 
lations and  oqaivaleucj  of  members  of  the 
Cambrian  in  the  Minnesota  and  Mississippi 
yalieys.  Reference  to  Cretaoeous  areas  and 
glacial  history. 

The  geology  of  Wabasba  County. 

Minnesota,  Oeology  off  Final  Report,  vol. 
2,  pp.  1-19,  map.    188d. 

Description  of  Cambrian  and  Trenton  areas 
and  the  drifts  and  terraces.  Reference  to  the 
probable  occurrence  of  Cretaceons.  Discns- 
sinn  of  the  history  of  some  drainage  and  topo- 
graphic featares.  Atoompanied  by  a  colored 
geologic  map. 

—  The  geology  of  Good h no  County. 

Minnesota,  Geology  of.  Final  Report,  roL 
2.  pp.  20-61,  map.    1888. 

Description  of  Cambrian,  Trenton,  Cre- 
taceous, drifts  and  terraces.  List  of  fossils. 
Discussion  of  relation  of  some  drainage  feat- 
ores,  ancient  and  modem,  extent  of  Creta- 
ceous, origin  of  some  topographic  features, 
and  history  of  some  of  tlie  dnfts.  Accom* 
panied  by  a  colored  geologic  map. 

The  geology  of  Dakota  County. 

Minnesota,  Geology  of.  Final  Report,  yoL 
S,  pp.  62-101,  map.    1888. 

Description  of  lower  Silurian  and  Cambrian 
areas,  drifts,  iaults,  terraces,  gravel  plains,  re- 
mains of  ancient  draimtge  systems,  Cretaceons 
outcrops,  and  the  glacial  liistury  of  the  region. 
Accompanied  by  a  colored  geologic  map. 

The  geology  of  Hennepin  County. 

Minnesota,  Gteology  of,  Final  Report,  vol. 
2,  pp.  264-344,  map,  pis.  A*,  U-z.    1888. 

Descriptions  of  Trenton  limestone,  St. 
Peter  sandstone,  and  Cretaceous  outcrops, 
and  the  drifts  and  terraces.  Records  of  arte- 
sian wells.  Reyiow  of  desori  ptions  of  S  L  An  - 
thony's  Falls,  and  discussion  of  their  history 
and  rate  of  recession.  Accompanied  by  a 
colored  geologic  map. 

The  geology  of  Ramsey  Connty. 

Minnesota,  Geology  of,  Final  Report,  toI. 
2,  pp.  343-374,  map.    1888. 

Description  of  Trenton  and  St.  Peter  sand- 
stone and  the  drifts.  Discussion  of  origin  of 
certain  topographic  feature),  the  extent  and 
stratigraphio  relatious  of  some  of  the  members 
of  the  rock  formaliona,  and  the  equivalency  of 
some  of  the  beds  met  with  m  the  axteAlaxi 


WINCHELL.  N.  H.— Continued. 

wells.    Accompanied  by  a  colored  geologie 
map. 

The  geology  of  Washington  County. 

BCinnesota,  Geology  of,  Final  Report,  voL 
2,  pp.  375-308,  map.    1888. 

Description  of  Trenton  limestone,  St.  Peter 
sandstone,  and  lower  magnesian  Itmealone 
areas,  the  drifts,  terraces,  an  anticlinal  and 
faults  in  the  Cambrian,  and  an  unconformity 
between  the  loweriuagnesian  and  the  St.  Peter 
sandstone.  Accompanied  by  a  colored  geo> 
logic  map. 

—  Report  [original  Huronian,  iron- 
bearing  rooks  in  Marquette  and  Gogebic 
region,  and  northeastern  Minnesota]. 

Minnesota,  Geol.  and  Nat.  Hist.  Surrey, 
Sixteenth  Report,  pp.  13-129.     1888. 

Description  of  various  localities,  and  dis- 
onssion  of  structural  relations,  stratigraphy, 
genetiiis,  and  equivalency  of  the  several  pre- 
Cambrian  members.  List  of  directions  of 
glacial  stria). 

Natural  gas  in  Minnesota. 

Minnesota,  Geol.  and  Nat.  Hist.  Survey, 
Bull.  No.  5,  pp.  39.    St  Paul,  1880. 

Includes  records  of  deep  borings  near  Free- 
bom,  Albert  Lea,  Mankato,  StUlwater,  Moor> 
head,  and  Duluth,  and  some  comments  on  the 
geologic  horison  and  relations  of  the  beds 
pierced. 

The  crystalline  rocks  of  Minnesota. 

General  report  of  progress  made  in  the 
study  of  their  field  relations.  State- 
meut  of  problems  yet  to  be  solved. 

Minnesota,  Geol.  and  Nat.  Hist  Surve/i 
Seventeenth  Report ,  pp.  5-74.    1 889. 

Review  by  J.  D.  Dana,  Am.  Jour.  Scl.,3d 
series,  vol.  39,  pp.  67-68,  g  p.    1890. 

Abstract,  Am.  Geologist,  vol.  5,  pp.  59-60. 
1890. 

A  general  review  and  discussion  of  the 
stratigraphy,  history,  and  relations  of  forma- 
tions ftx>m  the  Laurentian  to  the  St.  Croix 
sandstone. 

[ ]  List  of  American  publications  be- 
tween 1H72  and  1889  that  have  sooie 
relation  to  the  crystalline  rocks  of  the 

Northwest. 

Minnesota,  Geol.  and  Nat.  Hist.  Survey, 
Seventeenth  Report,  pp.  233-265.    1889. 

Notice  of  the  discovery  of  Lingiila 

and  Paradoxides  in  the  red  quarlzitd 
of  Minnesota. 

Minnesota,  Acad.  Sci.,  Bull.,  vol. 3,  part  1, 
pp.  103-105.     1889. 

Desciiptioa  of  the  remains,  and  brief  refer 
ence  to  tlieri^lations  and  ago  of  the  furmatioo, 
and  its  representatives  elsewhere. 
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WINCHELL,  N.  H.— Continued. 

Some  tUonghts  on   eruptive  rooks, 

with  special  rofcrence  to  tliose  of  Min- 
nesota. 

Am.  Assoc.  Adv.  Sol. ,  Proc,  vol.  37,  pp.  212- 
221.    1889. 

Keviewa  classification  and  relationii  of  emp- 
iivo  rocks  iu  cenerftl,  ailvADces  hypothesis  as 
to  the  genesis  of  acid  and  of  basic  eraptives, 
and  gives  a  i6suin6  of  the  stratip;raphic  rela- 
tions and  eruptive  contents  of  the  several 
crystalline  roclc  series  of  the  Northwest. 

■         Methods  of  stratigraphy  in  studying 
the  Huron iaD. 

Am.  Geologist,  vol.  4,  pp.  342-357.    1889. 

Ki'views  the  Huronfan  system,  and  dis- 
cnsses  its  taxonomy,  relations  to  Lanrontian, 
corri  lation  outside  of  the  typo  area,  strati- 
graphic  ranj2^o  and  charactcri^lics,  and  past 
aud  present  methods  of  research  in  this  con- 
nection. 


—  On  the  Archean.      See 
Report  on  Archean. 


FRAZER. 


—  and  WINCHBLL,  H.  V.  [Profes- 
sor Irving  aud  the  Keewatin  scries,  and 
the  origin  and  horizon  of  the  iron  ores 
of  the  Vermilion' Lake  series.] 

Am.  Geologist,  vol.  4,  pp.  383  386.    1889. 

Review  of  Irving's  writings  in  this  conncc- 
nection,  including  references  to  the  diittribu- 
lion,  equivalency,  and  sideritio  contents  of 
iron-bearing  series  of  Minnesota. 

On  a  possible  chemical  origin  of 


the  iron  ores  of  the  Keewatin  in  Minne- 
sota. 

Am.  Geologist,  vol.  t,  pp.  291-300.    1889. 

Point  out  the  differences  in  characteristics 
and  relations  of  the  Keewatin  and  Hiironian 
ores.  Discuss  the  history  of  the  Keewatin 
formation  and  advance  a  hypothesis  as  to  the 
genesis  of  its  siliceous  and  ferruginons  mem- 
bers. 

'WINSLOW,  Arthur.  The  Lehigh 
River  cross-section,  measured,  mapped, 
and  deflcribed  in  detail.  Edited  by 
J.  P.  Lesley. 

Pennsylvania,  Report  of  Geol.  Survey, 
1886,  part  4,  pp.  1331-1371,  sheets  1-5,  in  atlas. 
1887. 

Detailed  descriptions  of  stratigraphy  and 
strticturo.  Discussion  of  the  stratigraphio 
range  of  some  of  the  members  of  Nos.  IX 
and  X.  Accompanied  by  maps  and  cross  and 
columnar  sections. 

A  preliminary  report  on  a  portion  of 

the  coal  regions  of  Arkansas. 

Arkansas,  Geol.  Snrvey,  Report  for  1888 
vol.  3,  pp.  1-92,  map.    1888. 


WINSLCW,  Arthur-Continned. 

General  accounc  of  distribution,  stratig- 
raphy, and  structure.  Descripiton  of  prom- 
inent localities.  Analyses.  Economic.  Geo- 
logic map. 

WisconBin,  Animikie  slates  and  quartz- 
ites,  Winch KLL,  N.  H. 
Archean    rocks   of  the    Northwest, 

WiNCHKLL,  A. 

bowlder  trains  of  central  Wisconsin, 

Chamubulin,  T.  C. 
classification  of  Cambrian  and  pre- 

Cambrian,  Irving. 
driftless  area,   Chamberlin,   T.   C. 

Chambsklin  and  Salisbury. 
granites  of   the    Northwest,   Hall, 

C.  W. 
Huronian,  Irving. 
Gogebic     iron     region,    Eng.    and 

Mining  Jour.    Irving. 
great  primordial  quartzite.  Winch- 
ell,  N.  H. 
Great  Lake  basins  of  St.  Lawrence, 

Drummond. 
iron  ores  of  Penokee-Gogebio,  Van 

HiSE. 

Irving  and  Chamberlin  on  Lake  Su- 
perior sandstones,  Am.  Geologist. 

loess  and  clays,  analyses,  Eiggs. 

Penokee  Gap  region,  Wixciiell,  A. 

Quaternary  of  northwestern  Wiscon- 
sin, Chamberlin. 

raised  beaches  of  Lake  Michigan, 
Lbverett. 

Report — Lake  Superior  division,  U. 
S.  Geol.  Survey,  Irving. 

Report — Glacial  division,  U.  S.  Geol. 
Survey,  Chambkklin. 

rock  from  Penokee  iron  ranges,  an- 
alysis, RiGGS. 

Taconic  system,  Miller. 

Wisconsin    Academy    of    Sciences, 
Arts,  and  Letters,  Transactions,  voL 
7. 
Raised  beaches  of  Lake  Michigan, 
Leverett. 

"WOODWARD,  Henry.  On  the  dis- 
covery of  Turrilepas  in  the  Utica  for- 
mation (Ordovician)  of  Ottawa,  Can- 
ada. 

Geol.  Magazine,  decade  III,  vol.  6,  pp.  271- 
276.     1889. 

Includes  stratigraphic  section  of  the  beds 
at  Bifle  Kange,  near  Ottawii,  by  H.  y^  JLx^ 


172 


RECORD   OF   GEOLOGY   FOR   ISa?    TO   1889. 


[BDUlTi. 


WOODWARD,  U.  S.  On  the  form  and 
positioQof  the  8ea  level  with  dpecial 
reference  to  its  dependence  on  snperti- 
cial  raabsesH^'inetrically  disposed  about 
a  Donual  of  Ihe  earth's  surface. 

U.  S.  Geol.  Sarrey,  Ball.,  vol. 8,  pp. 87-172, 
No.  48.    1888. 

iDcidentally  consMers  certain  {geologic 
cauaeii  of  earth-crast  deformatioD. 

WOOLBRIDOB,.C.  W.  The  river-lake 
system  of  western  Michigan. 

Am.  Geologist,  vol.  1,  pp.  143-140.    :88a 
Deecr!pt{on  of  relation!*  and  discuHsion  of 
origin  and  history. 

The   post-glacial   geologry   of  Ann 

Arbor,  Michigan. 

Am.  Geologist,  vol.  2,  pp.  35-39.    1888. 
Do9criptinn  of  delta   depositi)    and  shore 
lines,  and  diacunsioa  of  thoir  hist^iry. 

"WpOLMAN,  Lewis.  Geological  resnit 
of  the  boring  of  an  artesian  well  at 
Atlantic  City,  New  Jersey. 

Philadelphia,  Acad.  Sci.,  Proc.,  1887,  pp. 
339-342 

DeHcnption  of  1.121-foot  record,  lists  of  fos- 
sils  and  statement  in  re^nrd  to  horizons  of  the 
Tertiary  beds  passed  tbrou;;h. 

[Fo.ssi]irerous  Cretaceous  limestone 

from  near  Clemen  ton,  Now  Jersey.] 

Am.  Natnralist,  vol.  23,  p.  544, 3  lines.    1889. 
Notice  of  oGcurrence  and  fossils. 

WOOSTER,  L.  C.  The  coal  measnres 
of  Kansas. 

Science,  vol.  12,  p.  119,  \  col.    1888. 

Eng.  and  Mining  Jonr.,  voL  46,  p.  240,  ^  ool. 
4-5.     1688. 

Describes  2,000-foot  bore-hole  entirely  in 
coal  measnres  and  discusses  the  conditions 
nnder  which  the  coal  measures  were  dapoa* 
ited. 

The  limit  of  drift  [Kansas]. 

Science,  vol.  12,  p.  132,  |p.    1888. 

Calls  attention  to  some  };laoiated  bowlders 
and  briefly  discusses  their  mode  of  transpoi> 
tation. 

WRIGHT,  G.  Frederick.  Notes  on  the 
glaciation  of  the  Pacific  coast. 

Am.  Naturalist,  vol.  21,  pp.  250-256.    1887. 

Descril>es  results  of  f^laciatlon  along  North- 
em  Pnciflc  Railroad  west  from  Bismarck,  in 
the  rejzion  abont  Puget  Sound,  and  fclacicrs 
and  evidence  of  glacial  action  np  tlie  coast. 
Discnsses  the  glacial  history  of  the  Puget 
Sonnd  region. 

The  Mulr  glacier. 

Am.  Jonr.  Sci.,  3d  series,  voL  33,  pp.  1-18. 


WRIGHT,  G.  Frederick—Con  tinned. 

Sci.  Am.,  Snpt.,  vol.  23,  pp.  0252-9254.  No. 
579.    1887. 

Description  of  the  glacier,  its  moraines,  its 
motion,  evidence  of  its  retreat,  associated 
drift  and  rook  formations,  striss,  and  buried 
forest  and  otht^r  glaciers  in  its  vicinity. 

[**  The  ice  age  in  North  America."] 

Am.  Geologist,  vol.  1,  p.  68,  {  p.    1838. 

Notice  of  lecture  to  Lowell  Institute.  Ref- 
erence to  nature  of  evidence  indicative  of  two 
glacial  epochs. 

On  the  age  of  the  Ohio  gravel  beds. 

Boston  Soc.  Nat.  Hist.,  Proc.,  vol.  23,  pp. 
427-436.    1888. 

Extract,  "  Preglncial  man  in  Ohio,"  Ohio 
Arch,  and  Hist.  Quart.    December,  1887. 

Describes  the  relations  of  the  Trenton 
gravels  and  of  deposits  of  similar  origin  in 
the  vsllcy  of  the  Little  Miami  in  Ohio,  and 
discusses  the  date  of  their  deposition  in  gla- 
cial tiuies. 

The  ice  age  in  North  America,  and 

its  bearings  upon  the  antiquity  of  man. 
640  pages,  maps.    New  York,  1889. 

Abstrsct,  Popular  Science  Monthly,  vol. 
8^  pp.  557-^60.     1889. 

Review,  W.  M.  Davis;  Science,  vol.  14,  pp. 
118>119.  1889 ;  Appalachia,  vol.  6,  pp.  72-73. 
1890. 

I.  What  Is  a  glacier  f  II.  Existing  glaciers 
on  the  Pacific  coast.  Ill  A  month  with  the 
Muir  glacier.  lY.  Glaciers  of  Greenland. 
V.  Glaciers  in  other  parts  of  the  world.  VI. 
Signs  of  glaciation.  VII.  Boundary  of  the 
glaciated  area  in  North  America.  VIII. 
Depth  of  ice  during  the  slncial  period.  IX. 
Terminal  moraines.  X.  Glacial  erosion  and 
transportation.  XI.  Drumlins.  XII.  Pre- 
glacial  drainage.  XIII.  Drainage  during  the 
glacial  period.  XIV.  Karnes.  XV.  GlacisI 
dams,  lakes,  and  waterfalls.  XVI.  The  loess. 
XVn.  Flight  of  plants  and  animals  during 
the  glacial  period.  XVIII.  Europe  during 
the  glacial  period.  XIX.  The  cause  of  the 
glacial  period.  XX.  The  date  of  the  glacial 
period.  XXI- XXII.  Man  and  the  glacial 
period.  Appendix:  A.  Probable  causes  of 
glaciation.  B.  Chalmers  on  the  glaciation  of 
eastern  Canada. 

The  age   of  the  Philadelphia  red 

gravel. 

Boston  Soo.  Nat.  Hist.,  Proo.,  vol.  24,  pp. 
152-157.    1889. 

Discussion  of  the  age  and  condition  of  dep- 
osition of  the  Columbia  formation,  and  inci- 
dentally considers  the  origin  of  some  high- 
level  Columbia  gravels  in  the  Susquehanna 
valley. 

[Image  from  deep  well  at  Nampa, 


Idaho.  ] 

Am.  Geologist,  toL  4^  pp.  887-388. 


1889. 
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WRIGHT,  G.  Frederick— Coutinnoa. 

iDcludes  record  of  320-foot  well  and  ez> 
prossioD  of  opinioDs  in  regard  to  the  age  of 
the  beds  in  which  the  imago  was  found. 

—  The  glacial  bonndary  in  southeast- 
eru  Dakota.     [Abstract.] 

Am.  Assoc.  Adv.  Sci.,  Froc,  voL  37,  pp. 
208.212.    1889. 

An  aoconnl  of  the  glacial  deposits,  rooraines, 
And  topographic  chnractorii«tics  of  the  region, 
and  discuMKiou  of  iU  glacial  history. 

Chipped  implement  in    the   drift, 

JackKon  County,  Illinois.      See  CRES- 
SON,  Hilborne  T. 

WYATT,  Francis.    The  development  of 
the  American  chemical  industry. — Salt. 

Eng  and  Mining  Jour.,  roL  44,  pp. ill, 432- 
433. 44A-449.     1887. 

Description  of  salt  deposits  and  borings  in 
Michij>an  and  New  York. 

Wyoming,  Brontops  robustus  from  the 
Miocene,  Marsh. 

coal,    ASHBURNER. 

Cretaceous,  Ward. 
geologic  history  of  Yellowstone  Park, 
Hagub. 


Wyoming — Continued. 

lencite  rook,  Absaroka  lAnge,  Haoub. 

Laramie,  White,  C.  A. 

litbophysn  and  lamination  of  lavas, 
Yellowstone  Fai]^  Iddings. 

obsidian  cliff,  Yellowstone  Park,  Id- 
dings. 

oil  fields,  RiGGS. 

Report  of  Geologist,  Ricketts. 

siliceous  sinters  in  thermal  springs, 
Weed. 

skull  of  Ceratopstdes,  Marsh. 

Tertiarj,  Copk. 

upper  Eocene  lacustrine  formations, 
Scott. 

Yello  wstone  Park,  Hague.    Iddings. 

TOULA. 

'Wyoming,  Report  of  Territorial  Gkeol- 
oglBt  for  1887,  Ricketts. 

z. 

ZINCKBNt  C.    Der  naturgas  Amerikas 
nach  A.  Williams,  C.  Zincken,C.  A.  Ash- 
burner,  etc.,  88. 13, 40.    Leipzig,  1887  f 
Not  seen. 
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